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Jloxaaygn Akagemun nayr CCCP 
1961. Tom 138, Ne 5 


MATEMATHKA 


A. JI. TEHHC 
| METPMYECKHE CBOMCTBA SHAOMOP®H3MOB xz-MEPHOTO TOPA 


(II pedcmaeaexno axademuxom A. H. Koamoezopoeoim 2 IT 1961) 


M3BecTHo, 4To M000 rpynnoBol SHOMOpdu3M n-MepHOro TOpa MOX*KHO pac- 
€MaTpMBaTb KaK MeTpH4ecKUuii 9HOMopusm Topa (*). B HacTosmel paOoTe ycTa- 
ABIMBAIOTCH HeKOTOpbIe CBOlicTBa MeTpH¥eCKHX SHIOMOpH3MoB f-MepHOro 
opa. 

’ Tlyctb E" — n-MepnHoe 9BKAMOBO MpocTpaHcTBO, B KOTOpOM BbIOpaH op- 
OPOHAJIbHBI HOpMHpoBanHbIi Oasuc. Vspecruo, uto E£” ecTb adesleBa rpyl- 
la 110 CO*KeHMIO, H MHOMKeCcTBO To¥eK E” Cc IWebIMA KOOPAMHATAaMM ABIAeTCHA 
omrpynmoli, KoTOpy10 MbI o6o3Ha4yHM yepe3 A”. Daxtop-rpynma E”/ A” ecTb 
ekoTopblii Top 7”. Ppynnosoli sqomMopdusm S” Topa 7” nopoxkaeTcA HeKO- 
fOpLIM JIMHeliHBIM mpeoOpasoBanuem S, MpoctpanctBa E", KoTOpoe 3allHcbl- 
(BaeTCA B BbIOpAaHHOM HaMH OasHce WeMOUHCeHHOH MaTpuuel. Cieqyroulan Teo- 
[peMa CBOAMT U3yYeHNe MPOUSBOAbHOTO SHJOMOpusMa K W3yYeHHIO B HSBECTHOM 
CMBICIE «3JIEMCHTAPHEIX» IHIOMOPPH3MOB. 
H Teopemal. JTycmo p (a) = pr’ (A)... p,m (A) — pasaonenue xa- 
pakmepucmuueckoeo0 NOAUKOMA mMaMmpLtifel Sn HA Henpusodumole 6 nore paYyuo- 
HQAbHOLX 4UCeA MHOHCUMeAU. TOo2eda mop T” MOdCHO pa3sAodtUuMd 6 NpAMOe NPOUs- 
eedenue mopos T;, npurem pasmepHocme i-2o mopa pasHa n,k;, 20e k; — cme- 
meHb NOAUHOMA Pp; (A), i=1,..., m. Kaocdowt mop T; uneapuanmed omnocu- 
mMeAoHxo sHOOMOpGUsMA Sp U, eCAU OOO3HALUMS aHOomOpqusm, Oelicmeyroilu4uu Ha 
mopeT;, uepes S;, mo andomoppusm Sp, Oonyckaem npAmoe pas2odiceHue 


See SU OGES che heer 


“J 
x 


, 
¢ 
J 


ToxasatTeapcrso. Ilyctb Aun, ..., Air, — KOpHM MomMHOMa p1 (;). 
‘Viz HenmpHBoMMOCTH MOJMHOMa MOXHO BbIBeECTH, YTO OHH mu6o0 Bce eHCcTBH- 
‘TeIbHBI, IH60 BCe KOMIMJICKCHHI (MMeIOT HeHyJeBble MHUMbIe yacTnH). 

_ PaccMoTpHM caly¥aii, Korjla Bce KOpHH Ay: HeHCTBUTebHEI. Torga MHelHOe 


‘mpeoGpasopanue S, wMeet coOcrBenHbiii BeKTOp {1 


8 
§ 
pe voxecTBo BeKTOpoB ({fx\p},—co <t < %0) o6pasyeT mogrpyimy B ES 
Sopa Test. o6pa3a sTo rpymmbl B 7” ecTb 3aMKHYyTaA CBA3HaA Mosrpynila 


fanaa te =) 
Speen! aaa Aik tee . 


“topa 7", T. e. HeKoTOpBIit Top pasMepHocTH k. B cuuly H3BeECTHOH TeOpeMbI Kpo- 
Hekepa (*) 4ucao k paBHO 4HCy pallMOHabHO He3aBUCHMbIX KOOPAMHAT BeK- 


“Topa xG7. OTH KOOpAMHAaTEI ABIAIOTCA HEKOTOPbIMH MHOFOWeHaMH OT Au ¢ We- 


SIMA KoMPpuweHTaMH, W3 HelpHBoOAUMocTH MHOrowteHa pi (A) CueqyeT, TO 
AKUX pallMOHaJIbHO He3aBUCHMbIX MHOTOWIeHOB CyllecTByeT He ose Rit tla 


k< ku. (1) 


Tlocrpoenxpiii Top 7* HHBapHaHTeH OTHOCHTeAbHO Sn. CleloBaTesIbHO, ero NOJI- 
HbIii MpooOpa3s E* p mpocrpanctse E” unpapwanTeH OTHOCHTebHO S,. Ho Le 
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a 


€CTb HeKOTOpoe k-MepHoe JIMHeHHOe Mog_mpocTpaxcrBo, ompeneAeMoe 1 —" 
JIMHEHHBIMA ypaBHeHHAMM C LeAbIMM KoSpbuHeHTamu. B Hem MoxKHO Ta 
BbIOpaTb 6a3uc, 4TO MpeoOpasoBanHe S, Bp E* OyeT 3aaBaTEca IeIOUHCJIEH 
Holi MaTpuueli, Mpu4em BeKTop x$) 6yyeT IpHnaliexata E”. Tlostomy Aj 


o h 
OyqeT COOCTBeEHHEIM 3HaYeHHeM It MpeoOpasoBanua S, na E*, a 3HauHT, 6 


~ 


HET YNOBNETBOPATh XapakTepMCTHYeCKOMY HOJIMHOMY MpeoOpa30BaHHa Sy H 
E“, Tak kak cremledb 3T0ro MomuHoMa paBua k, To nowyyaem, uTo 


Ri Ru. (2) 


M3 cpapueunna (1) u (2) Beirexaet, uTo k = hi. Ilostomy xapakTepucrTuyeckui 
fal } 
noAMHOM S, Ha E“ copnagaet c pi(A). Koper Au umeert KpaTHOCTb 1, H Tore 


MOO CyIlecTByeT elle Co6cTBeHHEIi BekTop x%) c Tem xe COOCTBEHHBIM 3Ha| 
yeHHeM A11, H B 9TOM CiLy¥ae MpHMeHHMO MpesbIAyutee MocTpoenke, M60 cyule 
o) 


CTBYeT BeKTOP X11, YAOBJICTBOP ALOU YPpaBHEeHHIo 


SnXiy = Anxip + xp. 
Ioctpoum mo Bextopy x; Top T* x noktpoctpanctso Et! ananoruuno 
TOpy T™ x MOJMpOCTpaHcTBy E™, Jlerxo BUeTb, uTo T2 = T* x Te eCTb 
NHBaPMaHTHBIM OTHOCHTeIbHO SHLOMoppusma S, Top u XapakTepHcTMyecKHit 
MHOrOWIeH Mpeo6pasopanun S, Ha B™ x E* ecrp pi (A). Mpogeaas takoe no- 
CTpoeHue CO BCeMH BeKTopaMH <Xj,’, TomAyuHM HHBapHaHTHbI OTHOCHTeIbHO! 
Sn Top 7" y HHBapHaHTHOe OTHOCHTeMbHO Sp 9BKIM OBO mpoctpauctso E™* | 
XapakTepucruyeckuit nomHHoM S, na E™” ectp pl (A). Tloctpous Topsr q8) 
BC€X TIOJIMHOMoB p;i(A), TomyuHM TpeOyeMoe pasioxenue. Caryuait MHUMBIX. 
KOpHeH HHYeM He OTMMYaeTCH OT pas0OpaHHOro. Teopema joKas3aua. 
Hantomaum onpegzenenua (cm. (1,4,5)). 
Ompenenenne 1. Merpuyeckuit aBtomoppu3sm JT MpOCTpaHcTBa | 
Jle6era M na3pipaetca aBTOMOp@u3MomM Kowamoroposa, 
CCH CyleCTByeT H3MepHMoe pa3Ovenve € co cameqyiouluMn CBOHCTBaMH: | 


co 


1) Ere Pes 2) [[ re = € mod 0, & — pas6ueHve Ha oTUebHBIE TOUKH; 


n>0 


—oo 
op As Fel =) mod Os yes TDHBHaJIbHOe pasOHeHHe, eMHCTBeHHBIM 9.1eMeH- 


n=9 


TOM KOTOporo sABJIAIoTCA Bce MM, 
Onpexeneu nue Q, Metpuyeckuit sHfoMopdu3m T lpoctpauctBa Jle- 


we 
Oera M naspiBaetca TOU H BIM 9H ROMOp@MH3MoM, CCH 9 7" 8 == wa 
n=0 
Teopema2. Ecau Adpakmepucmudeckud noaunom p (A) sHOomopdusma 
S, mopa T” npedcmasum @ eude p (A) = @8(A), ede s — uyenoe 4aucao u norunom 
P(A) Henpueodum, mo S, moowem btimb aubo MO4Hbim IHOOMOPUaMOM, ALLOO 
aBMOmMOP~u3smMoM. 
Jas oKasaterpersa PacCMOTPHM 3HoMopdu3m S,, Ha Tope 7% (k — creneub 
NOMHOMa® (A)). Ecau S, ne apaaetca aBTOMOpu3MoM Ha 7”, To mpoo6pas 0 


COCTOHT H3 HECKOJIBKUX 3JIEMeHTOB. 3aMbIKaHHe MpooOpasos 0 np Bcex S? (p= 


= 1,2,...) ecrs mnpapuantueri orHocuTenbHO Sn Top 7", Ecau on we copna- 
maet c T*, To XapakTepHcTHyecKkHH MHorouten S, Ha E* TeHuT @ (A), uTo He- 
BOSMOXHO B CHly ero HempHBosuMocTu. Utak, nowtyyaem T* = T%, 7. e, Tpo- 
o6pa3bt 0 MWIOTHBI B Tope 7”, HO Tora OHH MOTHEI HB T™, oTcowa yxe JerKo 
cieqyeT, YTO 3HLOMophu3m S, Touex. 

CreacrtTsue. IIlpousBoabubiii JHLOMOpPH3M eCTb MpsAMoe MponsBere- 
HH€ TOYHOrO SHLOMOpdu3ma 4H aBTOMOp@H3ma, 
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Teopema 3. Ecau xapakmepucmuveckul noaurom gpeodurecKoeo aemo- 
loppuama Sy, mopa T” umeem eud p (A) = 9 (A), ede p (A) — Henpusodumertt 
onunom, mo Sp, ecmb aemomopmusm Kormoeopoea. 

___YKa?KeM OCHOBHBI€ MOMEHTHI JOKAa3aTebCTBA. U3 sproqu4HoctTH aBTOMopdH3- 
“a cJleqyeT CyllecTBOBanHe KOpHA Ai MosMHOMa p (A), MO MOjlyJ0 MeHbIETO 
IHHUIbI. B 1poTHBHOM C.ly¥ae BCe KOPHH MO MOYO paBHAJHCh Obl eAMHMLE 
apToMopdu3M S,, Obi Obl HeIprogquyeH (CM. (2%). 


IlycTb BeKTOpbl x1, .. ., Xz ABJIAIOTCH COOCTBEHHBIMU JIA MpeoOpasopaHun 
S, C COOCTBCHHBIM 3Ha¥eHHeM Ai, a BeEKTOPbI Xe+1,---+, Xs YAOBIETBOPAIOT 
ypaBHeHHt0 


Sn Rik aXe La: 


TIpenctasum Top 7" Kak 9BKJMJOBO TIpocTpaHcTBo E", B KOTOPOM OTOARTECTBIC- 
‘HbI TOUKM, KOOPAMHATHI KOTOPHIX OTIMYAIOTCA Ha We/10e UHCI. OG6o3HauHM Yepes- 


£1 pa3Ovenue E” wa rumepiiocKocrh, Napadie/bHble JIMHeEHHOMY TO{MpoctTpaH- 


CTBY, MOpO*KJeEHHOMY BeKTOPaMH X1,..., Vs, a Yepes Es — pa30veHHe Ha eJH- 
“HHUHbIe KyYObI C BepUIMHaMH B_ IeJIOUHCJICHHbIX TOUKAX. TIpousBeyeHHe 3THX 


~ 


? os ~ de ae 
“pasOvenHii oOosHauHM uepes &s HM MocTpouM pa3sOneHHe Ema Ea Saale til su 
O6pa3 pas6uenua & B Tope T” o6o3Ha4HM yepe3 &. Oka3zpiBaeTca, 4TO § OOma- 


“ylaet culelyIolluMu cBolicTBaMnu: !) SE ae cre vi SE = 2; 3) evi SPE = 
k=0 k=0 


=, T. e. S, ecTb aBTomopdu3sm Kovrmoroposa. 
Canenersue. Jlo6oh sproquyeckHi aBToMopdpu3M Topa eCTb aBTOMOp~ 
usm Kovtmoroposa. 
- Qo BEITeKaeT 13 TeOpeMbl O pasOXKeHHH U U3 MpesbIyIeH TeOPeMbl. 
B 3akmouenne ciopMysupyemM TeopeMy, KoTOpad B YaCTHOM CJIydae Oba. 
“noka3aHa A. T. Cunaem (5). 
Teopema 4. OSxmponua speoduueckoeo aemomop@~usma mopa paé6Ha 


2 Jog ||. 

| yr 
Tlocrynuao 
ies) MU AUToit! 


IMTHPOBAHHAA JIMTEPATYPA 


1JA. H. Koamoropos, JAH, 119, Ne 5. (1958) ..0— 2. Ba Ange 0)X, UH, YMH. 
4, 2 (30) (1949). *B. A. Poxaun, Viszs. AH CCCP, cep. matem., 13, 329 (1949). 
4B. A. Poxawu, YMH, 15,4(1960). ©B. A. Poxaun, M38. AH CCCP, cep. mateo. ,. 
BNe 3 (1961). °A.T.Cunan, JLAH, 124, No4 (1959). 7B. M. JlepurTan, Tlouru-mepuo- 
juueckue cbyHKuHH, M., 1953. 8 E. TexxKe, TeopuHa alreOpanueckHx 4HCel, 1939. 
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Jloxxnangm Axagwemun nayr CCCP 
1961. Tom 138, M5 


MATEMATHKA | 


M. M. TJIYXOB 


K TEOPETHKO-CTPYKTYPHOM TEOPEME THMA TEOPEMDBI rPYllKO | 
(ITpedcmacaeno akademuxom A. H. Maaoyesoim 7 I] 1961) 


Jia cBo6ofHbIX pa3OxKeHHH Tpynit C KOHeCYHbIM YHCIOM OOpasyrolHXx 
3JIEMeHTOB HMeeT MecTo Teopema I pymiko (7, 2), KOoTOpylo MOKHO cciopmysH- 
poBaTb B CuJleyioluleH dopme: 

Ecau ceo6odnaa epynna S c KoHednbim wucaom oOpaszyrol4ux e2omomopdno 
omobpancaemca Ha epynny G, pasnoonceHHyto 6 ceé0000HO0e Npouséeedenue nodepynn 
Ai, A2,..., Az, mo 6S moocno eolopamb makyto cucmemy ceoOo00nelx OOpasyrouyux, 
4mo Npu paccmampueaemom eomomopdusme KagcObli U3 IMUX OOpasyroLMUx omobpa- 
acaemca 6HYympb OOHOZO UZ ce0O0dHELX mHOncumenet A1, A2,..., Ax. 

Ilogqo6uaa eH TeopeMa JoKasaHa TakKxKe JIA HeaACCOMMATHBHBIX asredp (°). 

B Teopuu cTpykTyp aHaslorM4Had Teopema HeCIpaBpequBa, Tak Kak yxKe 
pH TOMOMOpHoM oTOOpaxKeHHH CBOOOAHOH CTpyKTYpbl Cc TpemaA oOpa3yro- 
uumMu FL(3) na FL(2) (°) He cyulecTByeT CHCTeMbI OOpa3yIOUIMX 9JIEMeHTOB 
cTpyktypp FL (3), KaxKIbIi H3 3/IeMeHTOB KOTOpOH oTOOpaxKaica Obl BHYTPb 
OWHOTO 43 CBOOOJHEIX MHOKUTeNeH CTpyKTYpbI 


FL (2) = FL(1) * FL (1). 


OjHako B TeEOpHH CTpyKTyp MMeeT MecTO Teopema, aHanorMuHad OJHOMY 
M3 OCHOBHBIX CJlecTBHH Teopemb! [pyurKo (cm. (1), a Takxe (*)), a HMeHHO 
Teopema. Ecau 


Dee Dickey ee ae (1) 


€cCMb NpOUZBOAbHOe PasAOMXeHUe 6 Ce0bodNOe npouseedeHue (*) cmpykmypo L 
C KOHCYHbIM LUCAOM OOpPAsYrOLUX, MO MUHUMAAbHOE 4UCAO OOpasyfoU4UX aAemeHMoE 
cmpykmypet L paso cymme coomeemcmeyrouux ticea Ora ceOoOO0OHbLX MHOICU- 
Mee Digs Tess i ekoge 

Hwxke u3iaraworecsd ule JoKasaTebcTBa STON TeopeMEt. 

OueBuHoO, 4TO MpH ee JOKa3saTeIbCTBe MOXMKHO OFpaHMYHTbCs JIMUTb TeM 
cyaaeM, Kor—qa B pa3mowKeHnu (1) k= 2, T. e. 


IL = Ly * ee (2) 


QemenTbt ctpyKtyp Li u Le ycnosumca o6o3Ha¥aTb B JasbHelieM cooT- 
BETCTBCHHO OYKBaM X HY C MHJeKCaMyH. 

Qnement UG LHas0BeMBHYTPeCHHUM OTHOCHTeEABHO CTpy- 
KTy pb Li, ecm cytlecTByloT TakHe Ba SueMeHTA Xp, gy STO 


Xp QU<X,. 


AnaorMaHo onpesensetca snement, BHYTPeHHH OTHOCHTebHO CTpykKTyppr Le. 

OuemenT u€L Has0BeM BHYTPeHHUM, eCIM ON aBAAeTCA BHYTpeH- 
HHM OTHOCHTEIbHO XOTA Obl OMHOH M3 cTpyKTyp Ly, Le. 

Jlerko BuyeTb, 4To snemenTEI crpyKTyp Li u Le aBastoTes BHYTPeHHHMH H 
TO OAHH SJEMCHT HE MOXKET ObITb BHYTPCHHUM OTHOCHTEbHO O6eHX CTPyKTYp. 
Tlocnenuee cilelyeT 43 Toro, uTo HUKakHe Ba 31eMeHTa Xp Yq, HE ABMAIOTCA 
<paBHHMBIMH (4), rd 
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ier ay 


Vis paGots (*) cilelyet, 4TO cBoOoLHoe mpousBesenve ctpyKtTyp Li u Le 

yBriaaeT CO CBOOOMHbIM pacutHpeniem FL (P) ctpyKTypouga P, ABAAIoulero- 

| KapiunambHo cymMoit * Li + Le erpyxtyp Li u Le. 

| B pa6orte (°) moka3aHo, 4TO CTpyKTYpPy FL (P) MoxKHO pacCMaTpHBaTb Kak 
CO peTHKO-MHOKECTBEHHOE oObenuHeHHe pala paciimpesult crpykTypouza P: 


P=Py>hy>Pe=>...> Pam Par. os (3) 


3 KOTOPOM KarK[[blii H3 CTPYKTYPOHNOB TOXKTECTBEHHO BJOKUM B MOCJIENY OuLH it . 
Ecay &— perymapHoe 4Hci0, TO CTpyKTYpouy P, niomyyaetca H3 Py; 
foOaBleHveM OfHOrO HOBOrO 92eMeHTa Z HM COOTHOIICHHA 


Zp ene; = 2; (4) 


Phe 2,6 2, 2: ZU Zs * 2% HE OMpeMeseHo B P,_1, W TIpWBeeHHeM CHCTeMbI 06- 
Pa3ylolulHX 3JICMeCHTOB, cocToaileli 3 3JIeMeHTOB CTpyKTypowya Po; HM dule- 
MeHTa Z, MU CHCTeMbI OMpeeJIAIOMN[HX COOTHOLICHHH, cocToAMeH H3 BCeX COOT- 
HomeHuit Ta6imy Kanu tad oOnequHeHHM H MepeceyveHH SJIEMeHTOB CTPpyKTy- 
pouna Pa, M COOTHOWIeHMA (4), K 3amKuyTomy Buy. IIponecc sTOT B odnleM 
emysae onucan Vsencom (°). B qaHHom ciydae On OyeT COCTOATb H3 BCeBOS- 
MOXKHBIX MOJCTaHOBOK 3/leMeHTOB CTpyKTypowa Po; MH S/eMeHTa 2 B AKCHOMbI 
erpyKTypousa-(*). IIpu stom HeKoTopble ToAcTaHOBKH 6yAyT aBaTb COOTHOILIEe- 
HUA MexKly 3JIeMeHTaMH, HMMerollMe MecToO B P,_,, @ HeKOTOpble MosCTaHOBKH 
OyAyT WaBaTb HOBbI€ COOTHOMIEHHA, CBASHIBAIOIIMe S/eMeHT < ¢ 31eMeHTaMH 
ieTpykTypouya Po. 

Ec & —mpeflesbHoe uncno, TO Pa = U P, (°). Tlostromy B aJbHel- 

<a 

em uHcO & OyJeM CHHTATb pery.1ApHEIM. 

MHHuMambHOe 4HCIO OOpasyIOUIMX SJIeMeHTOB CTpyKTypoua P., Ha30BeM 
ro paHToM H o603Ha4HM Yepes rang Be 

Cootuomenve (4) MoxkeT HMeTb BUT 


2UJa=2 4H Ze 24= z. 


BenecTaue MpHHIMNa JBOHCTBeHHOCTH OCTaTOYHO paccMoTpeTb JIMUIb OHH 
‘M3 9THX cyuaes. 

B caemyiouux JlemMax OyJjeM C4YMTATb, ATO CTpyKTYpOuA P,_, NomyyeH U3 
P., NMoOaplenuvemM 3eMeHTa Z C COOTHOLICHHEM 


Zou) eps. 2 (5) 


Jlemma 1. Bcmpyxmypoude P. aaemenm 2 He pasaaeaemca 6 nepecedeHuc 
OeyX PASAUUHLX INCMEHMOG, OMAUMHLX OM Zz, M. e. ECAU B P., umeem mecmo co- 
omnowenue 60a 

ur {| uz = 2, (6) 
mo ull Wi = 2 UAU U2 = z. 
_ Kak oTMeveHo Bbillle, BCe COOTHOWIEHUA, COmepwKallHe 2, KPOME COOTHOLIe- 
‘nua (5), MouyyaiotcsA B pesyuIbTATe MOACTAHOBOK SJIeEMCHTOB B AKCHOMBI. Cue- 
JloBaTebHO, BCe COOTHOMIeHHA, Cofep2Kalllve 2, MOXKHO MepeHyMepoBaTb B TO" 
‘paike ux nomyyenus. Tlocue storo yTBepxkeHHe JeMMBl 1 erko WoKa3blBaeTcx 
WHyKUMeH TO HOMepy COOTHOIIeHHA. 

IIpu 3TOM MomesHO y4eCTb, YTO COOTHOMIeHHe Bua (6) cm-= 2H ua Z 
€ TOUHOCTHIO MO KOMMYTATHBHOCTH MOXKeT MOMYYHTbCA TObKO Mp MOACTAHOB- 
Ke 3JICMe€HTOB B aKCHOMY 


aNneNno=G@f 4 fe. 


AnaJlIoruuHo OKa3bIBaeTCA: 
Jlemma 2. Ecau 6 Pg umeem mecmo COOmHoWeHue 


zfju=u, u~ov+-z, (7) 


* Ompemenenue KapfHHatbHol CyMMbI CM. (2°), 
995 


ae 


, 


mo 6 Py CYWeCMBYeM MHOINCECMBO 3ACMEHMOE Wy, We, ...,W,  MAKUX, 
l a 
Dirt t= 1) 2, eas I, 2) [| @ () v= v. 
1 
=1 


Jhemua 3. . beau uGPae, cuee 2a 


Ut. =) (1, 02) J ey Oran 2) NCE = 
mo 
Lb = a AG Oe ens sO eg te rea) 
20€ W1, W2,.. . ecb mnoocecmeo W ecex snemeHmos, noKpoleariuux z 6 Py. 


Jlemmy 3, OCHOBbIBaACh Ha JIeMMe 2, MOKHO JOKa3aTb HHAyKnel Mo paHry 
cIOBa @. 

V3 memMMbI 3 HemocpeACTBeHHO CJleLyeT: 

Jlemma4. Ecau T = (tt, u2,..., Ur, 2}. ecb cucmema oOpasyroujux 
anemenmos cmpykmypouda P,, mo ° 


Tr = {ui as, Oa Oe eee 


ecmb makoe cucmema eeo OOpasyrou4ux. 

JlemMma 05. Ecau aremenm u @xodum 6 HenpuésoduUmytO cucmMemy OOpas3y- — 
rOLUUX aAemeHmos cmpyKmypel L, mo OH ABAKemcA BHYMpeHHUM JBAeMeHMOM. 

Bexakaad HempHBowuMad CHCTeMa OOpa3yIOUIMxX 9eMeHTOB cTpyKTypb L 
BXOJMT B HEKOTOPLIN CTpyKTYpouA pAga (3), a MOTOMY OKa3aTeIbCTBO JIEMMBI 3 
MOXKHO IIpOBeCTH MHAyKUMel MO HOMepy CTpyKTypouna psaga (3). IIpu stom 
UHAYKTHBHOe MpeMOORKeHHe MO3BOJIACT CBECTH efO K JlOKa3aTeJIbCTBY JIMilIb 
clelyioulero YTBep*KTeHHA: 

Ecau T = {u1, Ua,..., Uu,, 2} ecmbo Nenpueocdumaa cucmema oOpasyrowux 
aAemenmos cmpykmypouda P,, mo aAemeHm zZ ABAKEMCA BHYMPeHHUM. 

CripaBeQJIHBOCTh 2%Ke HOCeqHerO YTBepxKJeHHA CelyeT M3 Toro, 4TO TO 
KpalHeH Mepe OHH H3 3JIEMCHTOB Z2;, 2; H OJMH H3 3/IeMeHTOB MHOMKecTBA W 
ABJIAIOTCA BHYTPCHHHMU, IIPHUeM OTHOCHTeJIbHO OMHOH M TOM 2%Ke CTPYKTYpHI- 

AnHaJOrvuHo OKa3biBaeTca culeqyroulad: 

JlIemmMa 6. Hu 6 kakom us cmpykmypoudoe pada (3) He cytuecmeyem uem- 
eepKu BHYMpeHHUX anemenmoée wu’, u’’, Vv’, V'’, YOOBACMEOPAKOWUUX YCAOBUAM: 
l) w =u’, o' 0’; 2) uw noKpeoem oO yu noxpoleaem:, 0 90) ee 


JiemMmMa 7. rangl = rang P. 
aa qoka3ateibeTBa JIeMMbI 7 JocTaTOYHO NOKa3saTb, 4TO 


Tang Peer ane Pere | (8) 


Tak kak BCAKaA cucTemMa oOpasyiolluX 3IeMeHTOB cTpyKTyponyza Py 
ABNACTCH CHCTEMOH OOPa3YIOULHX 3JIeMeHTOB cTpykTypowja P,, TO 


rang P, < rang Po_4. (9) 


Ilokaxxem, 4TO par cTpyKTypouqa P, He MOKeT ObITb MeHbIIe paHTa 
cTpykTypouga P,;. J\a sToro JocTtaTouHO MoKa3aTb, 4To ecmH T — HelIpH- 
BOMMMaA CHCTeMa OOpa3yIONHX 9eMeHTOB CTpykTypoufa P,, TO cymlecTByeT 
Psat OOpasy1ollUX 9SJleMeHTOB cTpyKTypouna Po-4, coflepxKallad He Govlee 
r+ | amementa. 


Tak kak T — cuctema o6pasy1oulMx 9.1eMeHTOB cTpyktyponga P, Wi 


ie — {u1,U2, os «5 Up, Zay 21} 


CCTb CHCTeMa OOpasyIOLIMX 3eMeHTOB CTpykTypoua P,_,. Ecau 7’ npwpoguma, 


TO yTBepxKeHve BepHo. Ec.1m Ke OHA HeMpHBo_MMA, TO, TO eMMe 5, 2, 21 — 
BHYTpeHHHe 9JIeMeHTHI. 
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Kpome Toro, mo wemme 4, 71 ecTb CHcTeMa OOpa3yIOUIHX 3JIeMeHTOB CTPYK- 
pouga Po. 

BpijeruM u3 71 HempHBosuMytio CucTemy OOpa3y1oulNx T2. Ecan B 72 BXO,AT 
3a auleMeHTa H3 W, To B CTpykTypoufe Pz, HaleTCA YeTBEPKa 3/IeMeHTOB, 
JOBJICTBOPAIONIMX yCIOBHAM JeMMbI 6, YTO HEBOSMOXHO. CulefoBaTebHO, 72 
eo JIMUIb OMHH 3IeMeHT H3 W, a Tak Kak T2 C P,4, TO 
4 


fan? Pe = tang Pz, 
TO BMecTe C COOTHOWMeHHeM (9) LaeT 
Rane ee tis Pa 


Jlemma 7 ToBOpuT O TOM, UTO MHHHMAJIbHOe UHCMO OOpasyIOUIMX SJIEMeHTOB 
eTpyktypbi L paBHO MMHUMaJIbHOMy 4MCAy OOpasyioUlMxX CTpykKTypousa Ps 
§TO H LOKa3biBaeT CchopMy/JIMpOBaHHy!0 B Ha¥asle TeopemMy. 

YkaxKeM HeKOTOpble CJIEICTBHA LOKa3aHHOH TeOpeMbl, aHaJIOrHYHbIe Ce - 
CTBUAM, BbITeKaIOULMM M3 TeOpeTHKO-rpynnoBot Teopembl Tpyuiko (?). 

' 1. Ecau L ectb crpykTypa C KOHCYHBIM UMCIOM OOpPa3sYIOULHX 3JIEMeHTOB, 
TO BCAKH IeMeHT NOOO U3 MHHHMAJIbHbIX * CHCTeM OOpasyIOLMX COepKUTCA 
B OMHOM U3 MHOXUTeNeH sOO0TO ee CBOOOLHOTO pa3s/OxKeHHA. 

2. Beakoe cBoOosHoe pa3owKeHHe CTPYKTYpbl C NM OOpasyIOUHMH COCTOUT 
He Oovlee UeM 43 1 MHOMKUTeMeH, a MOTOMY BCAKAaA CTPyKTypa C KOHC4HBIM YHCJIOM 
OOpasyIoulAX MOKeT ObITh pasvio%KeHa B CBOOOAHOe MpousBeeHHe KOHedHOrO 
ynCla HepasJIOKUMBIX CTPYKTyp. 

3. Ecau ctpyxtypa L cn o6pa3yioulumn pa3sviaraetca B CBOOOAHOe Npoms- 


‘pellenue n ctpyKtyp, To L sBanetca cBoOosqHoH CTpyKTypoOH. 


4, CBo6osHasd CTpyKTypa paHra n He MOxeT OOaaTb CHCTeMOH o6pa3yio- 
UlMX, COCTOALLeH H3 MeHbIUUerO 4YeM MN YHCMa JJIEMCHTOB. 


MockoscKHit rocyapCTBeHHbIi MefarorHyecKHH MHCTATYT Tlocrynuio 
um. B. WH. Jlenuua 28 I 1961 


IMTHPOBAHHAA JIMTEPATYPA 


1A. T. Ky pow, Teopus rpynn, M., 1953, crp. 253. ? WH. A. T ui Ko, Matem. 
c6opx., 8 (50), 169 (1940). * A. HW. Ky kos, Marem. cOopu., 26 (68), 3, 471 (1950). 
410. UW. CopKuu, Mateo. c6opn., 30 (72), 3, 677 (1952). ° 10. UW. Cop kun, JAH, 


15, No 5, 931 (1954). °M. M. Payxos, LAH, 132, Ne 2, 254 (1960). 7B. H. Neu- 


mann, J. London Math. Soc., 18, 12 (1943). ®T. Evans, J. London Math. Soc., 
26, 64 (1951). 9 P. Whitman, Ann. of Math., 42, 325 (1941) 2°T. Bupxkrog, 
~Teopusa crpyxtyp, M., 1952, crp. 25. 


* TloHaTHe MHHUMaJIbHOM CHCTeMbI OOpasyIOUIHX OMpefeAeTCA Tak Ke, KaK HB TeOpHH 


 tpynm ("). 
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Jloxxnagn Axkayemun nayrx CCCP 
1961. Tom 138, Ne 5 


MATEMATHKA 


r. b. TYPEBHY 
O HEKOTOPbIX CBOHCTBAX METABEJIEBbIX AJIPFEBP JIM 


(IT pedcmaeaeno axademuxom IT. C. Hosuxoeoim 7 II 1961) 


1. Ilycth & — aOcTpakTHo 3afqaHHad Me TaGemeBa (HHAbMOTeHTHAS 
KJlacca HWJIbuoTeHTHOcTH 2) as reOpa JIM Hay amreOpanueckH .3aMKHy- 
ThIM mMoem K;%—ee anreOpa Aum>hbepeHuunpoBaHAk,. Bu- 


6paB KapTaHoBcKy1o NogaireOpy I’ anre6ppr %, MbI oNpemelHM BX BeCoO- 


BOS er Bek TiO pe bI 


rae N — pa3MepHoctb asreOpbl 8; KaxkOMY H3 BEKTOPOB Qx oTBeYaeT Bec A,, 
ABJIAIOULNHCA AMHEMHOK (op Mol oT MapaMeTpos aureOpul I’. Popmpr Ai, Az,..., Ay 
cyTb Beca aJlreOpbi 2% Ha MpoctTpaHcTBe areOpbl B; AA KpaTKOCTH MbI OyJjeM 
MX Ha3bIBaTh BECAMH aaAreOpu B. 

Cpequ BekTopos (1) MbI pa3JIH4MM BeCoBble BEKTOPhl BTOPOH HM Mep- 


BOH O4Yepe AH B COOTBETCTBHH C TeM, IPHHadWexKkaT HIM He NpHHaqexKar | 


OHH K KoMMyTaHTy [%8?]. MHgeKcbl BeCcoB H BeCOBbIX BEKTOPOB MbI OyeM OpaTb 
M3 IlepBOH MOJIOBHHbI asdaButa (i,j, ...), eClH BeKTopbl — 1-H ouepean, 
HM H3 BTOPOH ero NOJOBHHI (p, g, 7, .. .), CCH OHH — 2-H OYepedH; HHeKCHI 
x, Y, 2 COXpaHuM JIA MOObIX BeECOB H BeCOBbIX BeEKTOPOB. 

B yka3aHHbIx o6o3HayeHHAX [aap] = [a,a,] = 0; 


(a;a;\"= tape (2) 


Beakomy KoMMyTaTopy Bua (2), B KoTOpoM ckanap 0 = 0, cooTBeTcTByeT 
OoCHOBHOe COOTHOMWMeHHE 


ee a yee Nea (3) 


MexKLY BecaMH asreOpp B. 

MoxHO lOKa3aTb, UTO: 

1°. Kastdas aunetinaa saeucumocmse mexcdy secamu aazeOpe: Tu B aeasemcs 
cAedcmeuem BCeX OCHOBHOLX COOMHOLWeHUL (3). 

IIpequoxenue 1° cnpapeamuBo 21a m060i aureOpp Jiu. B cayuae MeTabene- 
BbIX asIreOp JIM u3 1° caenyer: 

2°. Jloboti 6ec memabeaceoit aazebpor JIU omau4eH Om HYAA. 

3°. Bec eexmopa 1-it owepedu He mookem oKasamecn paeHolm eecy BeKmopa 
2-ti ovepedu. 

Ja Hemera6eneBbix are6p JIu mpeqmoxenue 2° yxe He cipaBelnBo: 
B (7) yKa3aH IIpHMep HHJIbMOTeHTHOK areOppl JIM KMacca HUJIbIOTeHTHOCTH 3, 
y KOTOpOM BCe BeCa PaBHb HYJIO. 

2. B fabueliniem paccMaTpuBaioTcs JM Takve MeTaOeneBbI anreOpp Jn, 
YKOTOpPHIX BCe Beca—npocTbhe. Mera6eneBnt anreOpp Jn, 
HM@IOUMe OJHH H Te 2%Ke OCHOBHBI€ COOTHOMIeCHUA 


S,=0, ole ee (4) 
MexKy BeCaMH, MBI OObeqHHACM B OTP AL B: B (4) 
Sa Maer ae (5) 
998 


ay, 02; 48. nane (1) 


mA 


OcuoBHomy cooTHouleHHio Sy = 0 cooTBeTCTByeT KOMMYTATOp 
[a7,q;,] a 0,Ap, Oy == (6), 


Kak HeTpydHO MOKa3aTb: 
— 4°. Kaocdot auneunou saeucumocmu 


; vi 
\ pes 
x=1 
Omeedaem UH6APuUaHin 


Fe 
J= [Jo 


x=1 


“OMHOCUMEALHO AtoOO2ed NnepeHOpmMupobaHnusA 


: Qz ce 02Qz, La iV a, ag tlieta ty N, (7) 
eecose1x 6exmopoe (1). 
3. OcHOBBIBAACh Ha H3BeCTHBIX MpeAORKEHUAX TCOPHH amre6p Jiu, yeTaHaB- 
“IMBaeM CIIpaBeLIHBOCTb CJleWyIouleH TeOpeMbl: 
5°. Hycme & — ompxd memabenesuix aazedp JIu pasmeprocmu N Had aazeo- 
pouuecku samkHymom norem K, onpedensemoltt F OCHO6HOIMU COOMHOWEHUAMU (4), 
mencdy eecamu A, (x =1,2,...,N) aneebp ompsda; npeononaeaemca, Kpome: 
mozo, amo @ cuay (4) ece eeca Ax npocmole. q 

Ecau p — 4UCAO AUHEUHO He3SABUCUMDLX cpedu coomHowenud (4) u p = F,. 
mo ece aneebpet ompsda B usomoparer Opye Opyey. 

Ecau we p < F u nepevie p coomnowenud (4) aunedHo Hesaeucumel, MO mOnCem 
“Obie nocmpoexa cucmema u3 F — p Uuxneapuanmoé 


SSeS 
Ey seh biota pg Uaceat bs 2o ins, come (8), 


x=1 


(Py, — Yeaole wucad), o6AaCaIWAH MaKUM ceoucms6om: dee anzeOpo JIU ompada &. 


“usomop@pHot mozda u moacbKo moeda, KO20a OAA HUX BHAYEHUA 6CEX UH6APUAHMOG 
“yKasaHHoll cucmemMbl coomeemcméeHHo AU6O paéeHbl, AUGO moeym OoLMb cOeAanel. 
paéHomu oOHo us mex nodcmaxHo6oK HAO 4, Gz, .. +, AN, KOMOpbLe OCcMasAIOM 
‘Heusmennot cucmemy (4) OCHOBHELX CooMHOWeHUL mencdy eecamu Ai, Az,..., An 
aaeeOp ompada &. 

Tak Kak u30mopduple MeTaGeseBbi asireOpbl Jiu, oveBHAHO, NpHnaekat 
K OJHOMY H TOMY %e OTpAAy, TO TeopemMa 5° naer ycuIOBMA U3OMOpdu3ma AByX 
metaGeneBbix areOp JIM Haj, MpOH3BOJIbHbIM alreOpawuecKH 3aMKHYTHIM [10J1eM 
ia caysaa, Korga y oGeux auireOp Bce Beca MIpocTHle. 

Cneuuduyeckoe CTpoeHve HHBapHaHTOB (8) no3sBouAeT MOKa3aTb HM TaKoe 
“ipedioxkenue: 
«6°. B ycaosuax meopemol 50 moban aazebpa JIu SB ompada B neperopmupos- 
Koti (7) Becoeolx BeKMOpOs MosCem 6b npusedeHa K KAHONUMECKOMY BUOY, 6 KO- 
mopom Hekomopole @ukcuposannole p US CKAAAPOG Dele eal, ay ey U4) | POeHOr. 
eOunuye. 

Yka3aHHblii KAaHOHMYeCKHH BH CosepxKUT, TAKHM o6pasom, F —p mpo- 
“H3BOJIbHBIX TlapaMeTPOB. 
Tloka3aTeabcTsa mipeqiowKenuit 5° v 6° coxpaHsAIOT CHLY AIA MOOBIX avireOp 
MW. OfHaKO Jit HemeTaGeseBBIX alreOp JIu TpeOoBaHHe MpOCTOTEI BCeX BeCOB 
BIAe€TCA Upe3MepHO TATOCTHBIM. 

Ormeyy, ¥TO 3aqauH KMaccHpukalun MeTa6eeBbIxX asireOp JIM HM JIMHeHHBIX 


CHcTeM OHUBeKTOpOB paBHOCHAbHI OAHa ApyTou; B CBOIO Oepedb, JI JO 60 ik 
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oJ 
{ 


Gee 


anre6pe JIM ¢ TeH3OpOM CTpYKTYPbI Ci, MOXKHO COMOCTABUTb AMHeHHYyIO CHCTeMY 
OMBEKTOPOB ChP,, THE Py — IIPOHM3BONbHbIM KOBapHaHTHbI BeKTOp. 


4. Orpaq B metabeseBpix amreOp JIM HaspiBaeTCH HE BLIPOK Te 
H bIM, eCJH BcaAKoe paBencTsBo Buga A; + A; — A, = 0, aBuarolleeca cieqcT- 
BHeM OCHOBHBIX CooTHOIeHHH (4), colep»xKUTCA cpequ HUX. B JambHeliiem pac- 
CMATPHBAIOTCA TOJIbKO HEBbIPOAKTCHHbIE OTPAXbI; MPH STOM, KaK HM B IM. Paes 
cuntaem, uTo Beca A, — mpoctnie. Ja KpaTKOCTH MbI BMeCTO @;, Gj,, Ap, UT. Ml. 
Oylem, Mo Sobel YaCTH, MUCaTb ft, f,, P,,--- 

Ecau uia KopHeporo adpunopa (aAuHeHHoro onepatopa) U aureOppr aude- 
penumpoBanni Y anreOppr JIM BEB cnpaBewHBo paBeHcTBo 


Uay == Pax, ty + 0, (9) 
TO, KaK M3BeCTHO, COOTBETCTBYIOILHH adduHopy U Kopenb a = A, — Ay. Pas- 
poctp A, — A, Mbl 6yeM Ha3bIBaTb LOM YCTHMON MIA OTpANa B, ecu 
B HeM HMeeTCA XOTA Obl OHA alreOpa B, wa KOTOPOH CipaBeJIMBbI COOTHO- 
wenHua (9). 
Bec BekTopa a; 1-H ovepeqH MbI OyJeM MoMeyaTb 3Be3OUKONM, ECU a; 
IIPHHAMWIexKUT WeHTpy atreOp BEB. B Takux oOo3HayeHHAX DOMycTHMBIMH Oy - 
yT Bce pa3HOCcTH Buya 


: * # | 


Nea Ay, Ages Ape Nain. ONgem Ag, (10) 


a TakxKe pasHocTH, paBHble Hy10. [lepBolt “3 pasnoctei (10) orBevaet B anre6pe 
muddepenuupopannit mo60 H3 amreOp BEB adpunop C, Aa KoToporo | 


Ci= p,. \ Cay = "Oe 


aHaJIOPM4HOe UMeeT MECTO H AIA OCTAJIbHBIX pasHocTel (10); pa3HocTAM, paBHBbIM 
HYJIO, COOTBETCTBYIOT adiPHHOpbl KapTaHOBCKOH MofanreOppr LT areOppr %. 
Pasnoctu A; — Aj, Nee Ay, A; — Aj Bcerga HegonyctTuMble. Jian p a3 H 0o- 
eteh l-t ouvepegu A;—A;u 2-4 ote peau A, —A, Bonpoc 06 
WX JlOMyCTHMOCTH pelliaeTCH 3HaYHTebHO COmHee (cM. mm. 5, 6). 

5. J|pe paBuble pa3xoctu 1|-i ovepenu A;, — A;, n A;, — Aj, MbI OyfeM uMe- 
HOBAaTh HeENOCpeACTBCEHHO CBA3ZAHHBIMH, eCCIH Kaan U3 
paBHLIX pyr Apyry cymm A,, + Aj, u Aj, + A;, burypupyeT B JeBoH 4acTH 
OJHOFO M3 OCHOBHEIX COOTHOIMeHHH (4) (B CHTY HEBbIPOMKTCHHOCTH OTPAa 3TO 
CHpaBeWIHBO HOO Ia O6eHX CyMM, M60 HH IA OMHOM U3 HUX). CxogHBIM 06- 
pa30M OlIpeevIAIOTCA HENOCpeACTBEHHO CBA3aHHbIe pasHocTu A; — A; 4A, — Ag. 
Ec. OHa pa3HOCTb HelOcpeACTBEHHO CBA3aHa CO BTOPOH, BTOpaA — c TperTbel 
HT. J., TO BCe 3TH pa3HOCTH CBA3SAHBI pyr Cc Apyrom. 

KaxkoMy H3 KopHeBEIx adppunopos U€ 2% comoctaBseHa OTe I bH AA 
CHCTeEMA€A PpaBHBIX Mex,y coOolH H CBA3aHHbIX Apyr c Apyrom pasHocTeri 
1-i u 2-H ovepemn: 

A;, — A, SS A;,— Aj Sa Ces “a= A; 


Je 
= Ay, — Ag SAR A= eee ee (11) 


Yepes / 0603HadHM MHO*KECTBO HHJeKcoB ty, cburypHpyromnx B (11), u co- 
OTBETCTBYIOULHX MM BeCOB H BeCOBbIX BEKTOPOB; aHaJIOrHYHO ONMpelesAeM MHO- 
necTBa J, P, Q. Cuctreme (11) orBeyaet adpunop U €%, ana KoToporo 


Oy, =p tees 2, Rass) 
Ug, Tap (Pee Ls 
Oa, aU, yue €J + Q. 


YcOBUA IpHHalwexuoctu U Kk Y% mpupenyT K CHcTeMe (A) y p a B- 
HeHHH JIA CKaApOBP,, tz. Karkqoe 3 STHX ypaBHeHHi NopoxjaeTca 
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MA HJIM TpeMA HENOCpeACTBEHHO CBA3AHHbIMH Pa3HOCTAMH; B IlepBoM culy4ae 
CKaxKeM, YTO 9TH UBe pasHOCTH CoeMHeEHLI OP MUHAPHOCBAS bd, 
BTOPOM Clyuae HMeeM TPeyroAbH YW CBA3b. OueBHyHIM ABIAeT- 


CAU OOHA US COCOUHEHHbLX OPOUHAPHOL CeAsbIO PasHocmetl ABAREMCA He- 
mumou, mo mo oe cnpasedaueo u Oan Opyeow; ecau 6 mpeyeoavnotl ce.m3IL 
@ pasnocmu Hedonycmumole, mo Hedonycmumoti OyOem u mpemoa. 

Caefyiouve 1Ba MpeqoxKenusA Warr HeoOXoMUMEIe WIA MONYCTHMOCTH ycJIo- 


. fete Col ia fa; is fay 2S leg) = log—13 logy He Ed; 

i | y (12) 
a Gemmcil: (0a! fat la = fata often = [cy once, 

¢ e - - 

ayMepaltaa pasHoctei B (11) H3Menena). Beuzy HeBblpoxenHocTH oTpsta 


[lox—yloy] = [tox-aJ, 191 aa Loe 14 !oy] = avatars = Orxylxtys 
f. Ppa aul are emeyee= 1, ie 


_ BektTopbi /x+y OMpeleAT pasHoctTu 2-f oYepequ, KoTOppIe BMecTe C Mocue- 
joBaTebHocTamu (12) oOpa3yioT OfHY HIM HeCKObKO Weneli,. Te xe BeK- 


Opbl 8ayaioT uNCa d MW Ha OCHOBe COOTHOLeHHH: 
, 


p. Se eee ot HeEEP;, £,6P; d=e¢ th— v: 
. eget ls fy Be "EP: 

10°. Ecau d <w, mo éce pasHocmu, yuacmeyroujue 6 Yenax, onpedeanemolx 
lapou nocaedosamenbnocmett (12), seastomca Hedonycmumoemu Ora B. To oe 


Mpasedaueo uw npu d =w (ucKatowan yKasaHHoilli HUDKe OCObLL cay4all), ecau 


jHOz204NeH 
ad w 


5 zpz(g—w+taz)!(h—z)! “x! y! 


Opaujaemca 6 HYAb xOMsA Obl 6 OOHOU US LYeAOUUICAEHHOLX Mo4eK OGAaacmU 
t O0<*<8 OKNYS<h, we +yKREth—"d. 
*»B oc000M cuayuae, xormad=w 
fOCTeli Tp ABMAIOTCA HeOMyCTHMbIMH. ric 
_ H mxecuenyroulaa TeopemMa pellaeT Bolpoc o JomycTuMocTu pa3xHoctelt 1-fi 
i 2-HOuepenu Mexjly BecaMu MeTaOeJeBLIX areOp JIM HeBbIpORJeHHOTO OTpATa 
— 

5 (B lpelqnouoxKeHHU, 4TO BCe Beca A, — TpocrTpie). 

«11°. Ecau met uckarowum u3 omdeabnot cucmemot (11) me pasHocmu, Komopeie 
eAMOMCA HedonycmuMmoimu OAA B ebudy HeeblINOAHENUA HeOOXOOUMBLX YcAoeut 
®, 9° wau oe 6 cuay npedroscenua 10°, a make u me, KomOpeLe oKaoKYymcn 3a- 
nem Hedonycmumoimu no npaeuay 7°, mo é6ce ocmaétuueca pasHocmu (11) 6yoym 
laa ompada B Oonycmumomu. 


"| Mocxoscxuii rocylapCcTBeHHbIM MWesarorHuecKHii HHCTHTYT Tlocrynuo 
. um. B. HW. Jlenuua 6 II 1961 


UWMTHPOBAHHASA JIMTEPATYPA 
1 J, Dixmier, W.G. Lister, Proc.‘Am, Math. Soc., 8, 155 (1957). 


JLAH, tT. 138, Ne 5 1004 


=1,g=h=2, uz wecru pas- 
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A. Tl, KAPTALIEB 


PHMAHOBbI PACCJIOEHHbBIE ITPOCTPAHCTBA 
C OMHONAPAMETPHYECKOA TPYNNOKW FOJIOHOMHH 


(ITpedcmaeaeno akademuxom IT. C. Aanexcandpoeoim 13 II 1961) 


1. OnpeneaeuH A. PHMaHOBO MpocTpaHcTBo n + m U3MepeHHH C M0 
JIOVKUTEIbHO OpeWeJICHHOH MeTPHKOH, MolycKaroulee paccloeHHe Ha /71-MepHbl 
BIOHeE TeosesvyeckHe HM MapaJJeIbHbIe MHOTOOOpa3sHA, HasbiIBaeTCH p HM a 
HOBLIM pacCAOCHHHM NMpOcTpaHCTBOM v"t™ Crom Ha3bi 
BajoTcH Tapa Ie AIbHBIMH, CCAM MpH MapaebHOM MepeHeceHHH BeK 
Topa, KacaTeJIbHOTO K CJ1010, 10 M0OOH KPpHBOH, OPTOTOHAaJIbHOH B KaxK JO CBoel 
TOUKe CJOIO, IpOXOAAMeMy Yepe3 ZTY TOUKY, BeKTOP OCTaeTCA KaCaTeJIbHbIN 
K CJIOIO B KaxKOM TOUKe KPHBOH. 

Cpa3aB c Kaxkgolt TouKoiV"*” 
He ypaBHeHHa cTpyKTyppl (*): 


OpTOHOPpMMpoOBaHHbIit pelep, Mosy4HM CieLyto 


Don = ld, Oa), “Oeste oes 
Ey ert, es, Le eee etre 
Deus = lo Ou) a= Raeoel@aere 


Ecuim TlepBble #1 BeKTOpOB pellepa B KaxKOH TOUKe BbIOpaTb KacaTebHbIM 
K CJOIO, MpOXo_AleMy Yepe3s STY TOUKY, NOWyYHM CwIefyoulHe ypaBHeHHs 
CeMeCHCTBa BIIOJIHE TeoesH¥eCKUX HM MapaJVIeMbHbIX CO0EB 


Oia = bias, lian + lg =0; t= 1,...,m; @,b6=m+1,...,m ns a 


Tludcbepenuupys (1) BHemtHHuM OOpa30M HM IipHMeHaAa emmy KaptaHa, mo 
JtyaHM 


Alay — Oe lead — Waclich — Wpeliac = [Rikab —*/2 (liacl res — linelaca)| Ox + 2Ricar@d 
(2 
Riakj = 0, Rages =e Rieae oF "/q (Liael xep =e Livolstay 
2. OueBuaHo, 
Da = [@e8¢a], Ga = Opa + Lipa. - 


Tak Kak Og» + 954 =0, To 0.4, ABAIOTCA (popMaMH PHMaHOBOM CBASHOCT 
B IIpocTpaHcTBe cloeB V", KoTOpoe MbI OYEM Ha3bIBaTb Oa30H. BcaKol KpHBO 
B Gaze V" cooTBeTCTByeT OAHOMapaMeTpHyecKoe cemelicTBo cloen B V"+™, TI 
CKOJIbKY CJIOH ABJIAIOTCA BHOJIHE TeoesHyecKHMH MHOTrooOpa3sHAMU, OpTOTro 
HaJIbHbIe TPaeKTOPHH B OLHOMApaMeTPH4eCKOM CeMelHCTBe CJIOeB YCTAHABJIMBalO 
M@XK]Ly CJIOSMM H3OMeETPHYeCKoe CooTBeTCTBHe. B 4acTHOCTH, 3AaMKHYTOMY KOH 
Typy B Oa3e CooTBeTCTByeT H3OMETpHY4eCKoe OTOOpaxenne COA Ha ceOA. Taku 
oOpa30M, KaxkKJbIit cmoiil, BOoOuLe roBpops, omyckaeT rpynny JBwKeHHH, 0 
powkaemylo BCeMM 3aMKHYTBIMH KOHTYpaMM B 6a3e, KOTOpPbIe MpOXOLAT 4epel 
TOUKY, Ha KOTOPOH JexKUT CIO. OueBuyHo, TpynMbl ABYKeHHH pasJMUHbl 
CO€B M8OMOphub!. Oty aOcTpakTHy10 Tpynmy, elicTBYIOULy!O B KaxKOM CO 
Kak Tpylilla JBWKeHHU, Mbl OYeEM Ha3bIBAaTh TPYNMOH TOMOHOMHE 
PHMAHOBA paccCNUOCHHOTO MpOocTpaHCT BRA Vin, | 

B jlaHHou 3ameTKe OyeT aHO OMHCAHHE PHMAHOBbIX paCCOCHHBIX pO 
CTpaHCTB C OJHOMapaMeTpHyecKOH Tpynnon TOJOHOMUN. 
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3. Wtak, mycTb rpynna roJloHOMHH — OfHOMAapaMeTpH4ecKaA, Torta B 
JOM CJIO€ HHAYILMpyeTCA KMJIIMHTOBO BeKTOPHOe MO, AMHHM TOKa KOTO- 
ABIAIOTCA TPaeKTOPHAMH rpynnbl. Kpome Toro, Kako TpaeKTOPHH COA 
HEKOTOpONi TOUKOM G6a3bl COOTBETCTBYeT CMHCTBEHHAA TpaeKTOPHA COA 
ay, oGoH pyro TouKo 6a3bl. JTO COOTBETCTBHE YCTAHAaBJIMBaeTCA C M0- 
OULbIO TIYTH, COCAMHAIOULerO Be TOUKH Oasbi (Ha KOTOPbIMH J@KAT COM) 
| COOTBETCTBYIOMErO TOMY MYTH H30MeTpHYeCKOrO OTOOpaxKennA CoeB. Tak 
‘ak Tpyriia roJIOHOMHM — OHOMapaMeTpHyeckas, TO Np 9TOM OTOOPaxKeHHH 
SOOTBETCTBHE MEXKAY TpaeKTOPHAMM B3aHMHO-OHOSHAYHOe (He 3aBUCAIee OT 
HyTH, CoequHAOUlerO ABe TOUKH).CiegsoBaTesbHO, BV"*" ymMeeTca «momepey- 
Hoe» paccsloenve Ha (n + 1)-MepHble MOBeEpXHOCTH, Karas H3 KOTOPbIX Mepe- 
PeKAETCA CO CJIOeEM TIO TpaeKTOPHN FpyNbl TOMOHOMHH. 

| BplOupax B KaxkAO TOUKe CJIOA BEKTOP g,, KACATEJIbHbIM K TpaeKTOPHH, Mpo- 
XoAuiel Yepes sTY TOUKY, MOMyYMM, YTO CUCTeMa Wy = 0; a@ = nS ae ea 
BrlouHe “HTerpupyema. KusMHrOBO Moe B KaxOM Coe HMeeT Bu A, = 0, 
Am = & #0. Tak Kak mpu M30MeTpHYeCKOM OTOOpAaxKeHHH COA Ha CIO BOMb 
yTH B Oa3e JVWIMHa BeKTOpa COXpanAeTcH, € NONMKHO ObITh KOHCTAHTOH BLOMb 
moOoii momepeyHoH MOBepXHOCTH, T. e. 


7 


ag == a Oey 


BeseqcTaue MomHol HATerpupyeMocTH cHcTeMbI ®, = 0 u (2) HMeem 


WOam = AW, + Dawns laa = O; 
Clings aa | Dual mobs Ta Oparanie At balmarOa - ZR mcabOes (3) 
dap + Aga = ae Rapab a — Agglmav, Ramab = — balmav; Recab = 0. 


Yenopue Toro, uTo Ag =0, Am = & — BekTop KuanHra B Coe, aeT 
oe = £03. 
Tax Kak Do, = [69%], 9¢2 = Mpa — ApaWm H Iga + 98 = 0, TO B Mpoctpan- 


TBe «monepeyHEix» cloes V™ * onpenzedena puMaHOBa CBASHOCTb c chopMaMu 


ape 
B cuay cooTHomenui (3) mowyuHn: 


1°. dae, 6 —Ten3opp B V™ ", mpuyem 


Vba = bape, ap = 2Rampam — Gavdyp — abe, 
Vaag = AgpyO,, Gaby = 2Re mak al (b204p 3 O6Aa ose bea) 


iv — 3HaK KOBapHaHTHOrO AupdepeHuMpoBaHHA B CBASHOCTH O44); 5 — cKa- 


Ge == Ely We. 


b 
2° te = — TeH30p B 6a3e V" u 


oR 
A Boma t240) 
Veoh = CabeMc, Cabe = Epa 


OuesuaHo, brag) = 0, Giapy) = O(adpr), Cave) = 9. 

TakuM oOpa30M, JloKa3aHa CJleqyoulaa: 

Teopema 1. Ecau V"""— pumanoso paccaoennoe npocmpancmeo c 0dxHO- 
|apamempuueckou epynnot 2oaonomuu, mo 

1) @ 6ase V" umeemca KococUMMempuHecKU MeHSOP Cay, yOOBAcMBopsOU4UL 


Vous = CabcWe, C(abe) >= 0; (4) 
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2). 6.npocmpancmee «noneperHerx» caoes V"—' umeromca eexmop bq, KOcocu. 
mempudeckull MeH3OP Aap, cKaAsp & = 0, yOosaemsopstouue YCACBUAM 


Vba => DapWp, Oa} = he 
Vdap = GapyOy, .Aiapy) = Vad), 
@ tie = 02 .. 


4. TlokaxkeM culeqyroulyio OOpaTHyt!o Teopemy: 


Teopema 2. [ycmo sadane: 1) pumaxnoeo npocmpancmeo V" u 6 He 
KOCOCUMMeMpLUeCKUL MeHBOP Cav, YOoRAemMBopsOUtt ycaoeuto (4); 2) piLmaHoed 


npocmpancmeo V" * u 6 Hem BeKmop bz, KOCOCUMMeMmputecKU MeH3OP Aap, 
ckaasp & 4=0, yOoeasembopsowue ycaosusm (5). Toeda cyusecmeyem eduncmecn- 
Hoe (c mounocmb10 OO NpecOpasc6anUusA KOOPOUHAM) PAccACeHHOe PUMAHOGO Npocm- 


pancmeo V""" ¢ odnonapamempu4eckod epynnot 2oaoHomuu, Ora KOmopoeo V" 


seasemcs. 6as0li, a V" ' npocmparncmeom «nonepe4noix» caoeé. 


Js OKasaTesIbCTBa TeECPeMbI OCTATOUHO MOKa3aTb, YTO: 

1°. CymectByeT (POpMa ®m, HE 3ABHCHMad OTHg H Wa HU YAOBMETBOPAIOULaA 
y paBHeHH10 
Dom = Aap [Wag] + be [Oa0m) — Ecap looms. (6) 


} 
2°. Pasuple pelieHua (6) onpeyesioT PHMAHOBbI NpocTpaHcTBa, OTMMUAaIO- 
WHecH JIMUIb MpeoOpasoBaHHeM KoopyuHarT. | 
YpaBuenve (6) 3aMKHYTO OTHOCHTeIbHO BHelHero udpepeHuMpoBaHHA 
B cumy (4) u (5). Bygem ucKkaTb pemenne (6) B Bue 


| 


On = dXm + Ay So Ag@a; (7) 
rye Ag, Aq — Heu3BeCTHbIe (YHKUHH, a Xn, — HOBOe He3aBHCHMoe Tlepe- 
MeHHOe. 

Hoyctapiaa (7) B (6), loulyaHM ypaBHeHHe Bua . 
[AA,@.] + [AA gq] ==, 0, (8) 


rye AA, u AA, — noyxoxzauue cbopmpl. Tak Kak ypaBHeHHe (6) 3aMKHYyTO, TO 
M (8) 3aMKHYTO, OSTOMY DJIA NOCTpOeHHA peryJApHOM Wen MHTerpasbHBIX 
9JIEMCHTOB HMeeM TOJIbKO OHO ypaBHeHue (8). OueBuHO, JIA XapakTepoB ypaB- 
HeHHA (8) HMeeM Si=S2 =. . .=Spim—, = 1. Uucno KapranpaQ = 142-4... 


ag a ee eee (ns eS ies 


IIpousBou HanOomee oOulero HHTe- 
(n + m) (n+ m—1) 

5 : 
BouOWuM (?). TakuM o6pa30M, ypaBHeHue (6) uMmeeT penlenve. Ouepnquo, 
4TO dopMa Bua (7) WHHeHHO HeE3aBHCHMAa OT Wa, Wz. 


rpaJbHoro 9eMeHta N = Q = N, ypaBuenne (8) B HH- 


IlycTb Om H ®m— 2Ba pelieHHaA ypaBHeHun (6); Tora cucTemMbl PopM 
(Om,®a, Oa) H (@m, Wa, Wa) ON peje A}OT v"" wV"*" coorperctsenno. Pac- 
CMOTPHM CHCTeMY YpaBHeEHHH Wm = Om, 2 = Mg, Wo = Wz. B cumy (6) ona 


BHOJHe HHTerpupyeMa. CyleqopaTesbHO, cyllecTByeT peoOpasoBaHHe KOOpAU- 
HaT, KOTOpoe nepeBogut V"'™ BV". Teopema joKasana. 
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MATEMATHKA 


C. H. KPY)KKOB 


; OB ANPHOPHOM OLWEHKE PEWEHHH NHHERHBIX 
TIAPABOJIN4ECK HX YPABHEHHH HW PEUWIEHHW KPAEBbIX 3AJ,A4U 
‘Mas HEKOTOPOrO KJIACCA KBA3HJIMHEHMHbIX MAPABOJIAYECK UX 
' YPABHEHHUH 


4 


5, 

 B xHactosiei 3ameTKe o6o6ulaeTcx pesyJbTat Jk. Hauia (*') o Hempe- 
'PHIBHOCTH peleHHit MapaGoum4ecKHXx ypasuennit. [lonyuennasd HMxKe anpHopHast 
| apg MOLYJIA HeIpepbIBHOCTH pelieHHH ypaBHeHHi Bua 


(IT pedcmaeaeno axademuxom H. IT. Ilempoecxum 2 II 1961) 


at fl 
B= Dy Lm o B+ Doe 9B srg, xb ol) 
t= peas! 
MpuMenseTcA 3aTeM AIA NOKAsaTeMCTBA CyULeCTBOBAHHA pellleHnAa nepBoH 
Kpaespolt sazauv uv 3afauu Kou JIA HeKOTOporo KJlaCCa KBa3HJIMHeHHBIX Ta- 
padomuyeckn x YPaBHeHHii; OKa3aTebCTBO TeOpeM CYILCCTBOBAHHA MpOBOLNHT- 
‘CH MO CXeMe, MpefsoxwKeHHOH B padoTte O. A. Onelinuk (°*). 
OTHOCHTeJIbHO ypaBHeHHa (1) GOyqem Bcerja Npesnouaratb, 4TO ero Kospu- 
IMeHTHI JOCTATOUHO TWilalKue, G;; = Aj U BbIMOMHEeHbI CJeLyrollMe HepaBeHCTBa 
ib 


, 
M1 yy bi < y aifbiS; S Pe S' Ep, “Opt <cis, 

rj Do a 

. eee: (2) 
My | <B eal — oe ee Om 7) ae | 

* } 

E me ape yepe3 @ HeKoTOpy10 OO/acTb B IpocTpancTBe (X1,.~. -, Xn); 
yepes 2 CQ — HaHOOJIbLLy10 o61acTb, paccToAHHe OT KOTOPOH NO TpaHHlpl 


o6nactH @ pagno 5; uepes Q°—uHaungp { £O°>< [0, T]}; yepe3 A, a u B Oygem 
0003HaUaTb KOHCTAHTHI, 3ABHCHAULMe JIMIIb OT 14, fg HN. 

_ Teopemal. JTycme u (t, x) — pewenue ypasnenua (1) 6» yuaundpe 
Q {2x [0, TI}; |u| <M. Toeda daa (h, m), (2, m EQ, OSAH<k, 
0< 6 <1 cnpasedaueo HepaseHcmeo 
aiind te, ee) —u(h, a)|< 

M+ 0 M 
A M +N) B*, ——=— 
S max | On > ( ) min (VY fy, 4) 
M 
min(V 4, 1) 


| | %e —= x1 | 
(4: — hy)? (3) 


M+WN 
oe 


Vio Bo 


+A max | 


‘Oas Hexomopoeo a € (0, t/2], BE (0, Tal. 

| JloKa3saTeabcTBoO. Teopemy ocTaTouHO JOKa3aTb [WIA CJLy4aA, 
‘Kkorja 2 — ap K {|x| < R}. CHayana yctaHoBuM HepaBencTBo (3) AIA pe- 
envi ypapuenua (1) mpu ire I, Sal dias We 

| a a 

= S ay (au (t, x); Sap hak fie, (4) 


pe 


‘KOIpPUILHEHTLI KOTOPOTO MO*AKHO CUHTATb 3aaHHbIMH BO BCelt Mosoce 0 Cf<T’. 
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‘*y) 

CripaBeqinBa Cyleqyloulad OlleHKa, KOTOpas..6yeT UCrOJIb30BaHa B JlaJb 
Heiiitem: ecu u (1, x) — pelllenue ypaBHenna (4) BnomoceO Ct <T,\v|<M 
TO WIA MOObIX BYX ToWeK (f,, X1), (to, %2), Ot, <t,<T, BemMonHAeTC 
HepaBeHCTBO 


|u (f2, x2) —o (ti, m)1 <A (M 4+ Nh) (| x2 —m|/Vt)*+ 


+AIM+H4NV 44 41 le —/Al (5 


mp Hekotopom a€(0,1] u Bp =a/2(1 + aq). 

JloKa3aTesbcTBO STOFO HepaBeHCTBa JerKO CJieqyeT U3 pesybtTata JK, 
Hoa ('), eculH UCHOMb30BaTb IpelcTaBeHHe pellieHua ypaBHeHua (4) c Hye 
BbIMH HauaJIbHbIMH YCJIOBHAMH MIpH NOMOULM dyHaMenTaJbHoro pelleHHa. 
-, Tyce (¢,,. 0), (tor ¥ + Ax) €.Q", 1%, 20, Llosomunm = 67 St eh wie ee 
rlé a — alpvopHad KOHCTaHTa H3 OWeHKH (5). 

~ TipentonoxKum cHayaia, ato | Ax | HacTobKO Mala, 4To tT < min (f,, 1). 
Onpenesum pyukuno wi (¢, x) dia ty — tT <t<T kak pemenne 3aqauu Kom 
WIA ypaBHeHna (4) C HavaJIbHbIM yCJIOBHeM ui (tf, — T, x) = w° (x), rae u® (x) 
copmayaeT c u (tf, — T, x) mp |x| < R, HempepbiBHa BO BCeM IIpocTpaHcTBe 
Ww. |:u°.(x) |< M. Ouepuguo, uto |u (t, x) |< M+N(t—t,+7) 4 ana 
L<t, jut, x|<M+Nt<M+N. 

Mynkunsn ue (t, x) =u (t, x) — ws (t, x) ABNAeTCH petIeHNeM OAHOpOAHOrO 
\paBHeHHA B WHIMHApe {KX lt, —t, T]}, mpHuem ue (¢, — t, x) = 0, a pH 
p—-t<gi<gt, |u(t,x|}<2M +N <2(M +N). 

Mcnoub3sya omexky (36) 43 pa6ortni ('), Nomyyaem, uTo mpu |x| < R—64 


| tea (to eX) | SANE Se NA, -(6) 
IipuMensas HepaBeuctBo (5) K dbyHKuWHH wa (t, x) MH yauTbIBan (6), HMeem 
| (ty, © + Ax) EPR 
< |i (fh, x + Ax) — us (f, x)| + | ue (t,, x + Ax)| + | ue (f, x) |< 
<A (M +N 4+ Nv) (\Ax|/Vt)* +A (M+ N)Vt/b< 
<A (M + N) (| Ax? 0? + Vr/8). 
Ec BMecTO T MocTaBHM ero BbIpaxkeHve uepe3 | Ax| u 6, Momy4nM, 4TO 
[te (to, % + Ax) — wm (tp, cel AUN A nO) eae 


Ta OleHKa Opiwia MpoBeeHa Mp ycsoBuu, YTo tT < min (f,, 1), T.e. 
| Ax OY < min (Vig, 1) (6%. Hoecan [Ax > min(V i, May 
To (mipHHumaa 6 < 1) 


[u(to, x + Ax)—u (ty, x)| 2M pata) = 2M 


a Be 
| Ax [2/+2) min (Vip, 1) min (Wi, 1) 
Mrax, quia (t,, x) ¥ (t,, x + Ax) € Q 
M-+N M f 
U (ty, % 4 Ax) = Ww (E,, See ee 2 eee 
| 0 ) 0 ) lS §2/a+2) aah (V ta 1) | X | 


Bropaad 4acTb HepaBencTBa (3), KaCaiollaxicA HelpepbIBHOCTH TO BpeMeHu 
peleHuH ypaBnenua (4), oKasplBaeTcA aHasoru4uno. OTMeTHM, UTO NOAOOHEITIi 
MeTOX NpHMensvica B paOote JK. Hama (3). 

Ilycrb Tenepb u (t, x) aBaaeTCH peweHvem ypaBHenua (!) B wHAMHApe Q. 
Pynkunio wu (t, x) MoxkHO paccmaTpuBaTb (*) Kak pewleHHe ypaBHeHHA 


Gi ee Ont Bn du 
ri > a, (a (t, 9) 52) + Day (06 Oy 3.) + 
0 a a 
+ D5 (Ot Mo) boa he (7) 


t=1 
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; 

nununpe Q’ {2’x 10, T]}, rae Q’ — unaungp {2X (0, s)} B MpocTpaHctBe 
o ee 

Herpyauo BujeTb, YTO pH s = min (v1, 1/n) /2B ypapnenue (7) paBHo- 
MepHo Tlapadomu4Ho B Q’, IIpH¥eM HIKHAA M BepXHAA PpanUilpl coOCTBeHHbIX 
HAYCHHIi MATPHILbI KOMPPHUMeHTOB MPH BTOPbIX NPOMSBOAHIX SaBUCAT JIMHIb 
T [ty Ufo. Tak Kak (7) ABJIAeTCA ypaBHeHHeM BUjla (4), To, Mo JoKasaHHOMy 
ia u(t, x) = u(t, x, y), B WHAIMHApe Q mpu 6 < s/4 cnpapeqIMBo HepaBeH- 


= 
~~ 


M+ N M Ni 4 a 
| u (t2, x2) — wu (fh, x1)| << A max | as re Ta a | X2 — X1| + 
Lo J 


M+WN M B 
fw = te Ae 8 
LA max ( ca MNT TE 5) 1) (8) 
Yuutsipas, uto mpu b> 8/4 QD Q*, ua (8) nmomy4aem (3). 

| Sameuaune. OosHauHM Yepes Q3,/2 WHIMH Ip Pr? 4165 (2, THY 'Q, 
B nabnelimiem HepaBenctso (3) OyeT IpHMeHeHO B HEKOTOPOM IMJIMH pe Qs,/2 
Apu OombiwuHnx B wu cbukcuposanHerx pu, v2, M, N, 6, uT. Ho cymtecrByeT Takoe 
B (wi, v2, 65), wro upu BSD B* wepapenctso (3) NpHHHMaeT BU 

| u (te, x2) —u (h, x1) |< A (M+N) [B* | x2 — x1 |*+ B* (b= ty"), (9) 
 Teopema 2. Iycme Q— yuaundp {2 x [0, TI}, ocnosanue 4 Komo- 
poeo umeem mpuscdb. Henpepvl6Ho _Ouchpepenyupyemyro epanuny; S — 60Koeas 
nogepxHocmb yuaundopa Q.ITycmo 6 Q sadana pyHKyusr P (on) eC Mot, ai 
<M. Tozda 6 yuaunOpe Q cywjecmeyem eOuNCmBeHHOe pelwenue U Cae) 


. a 
a — m2 a ( (au big Nig 7) iz) 1 
i, j=l 
n au , | 
= eH UAC. Xa tb, hs) oy, aC (t4-%, Us Ux)y Ue = aes +s ux.); (10) 
“ i=1 
: u ie ae ~ (f, x) ag u (0, x) a @ (0, ae (11) 


CAU 6bINOAHEHbL CACOYHOLUIE YCAOBUA: 

1) npu (t,x) €Q u awboix u, Uy Of & c'™,. € @ C’*’ (oxazono), 
| BC, \c(t, x; 0,0) | ZC, 

2) npu (t,x€Q |ul<M(Myc,7T) a = au, a7 Cre 


>) B< Dd) UibEIS Be > EF 

=i i, j=l 2.3 i= 

3) npu (t,x) 6 Q, |u| <M,|gradeu| > Pool |al< B,|gradx u\", 
<y<l, |b) x) 4+ | (Ode |< Bilgradeu|, — | (bi) Ux,)| < Bo, Jel + 


lexp | |u| + [CuI U Ha e2panuye NUdcHeE2O OCHOBAHUA YUAUKOpa Q 
ee YCAOBUE CO2AACOBAHUS 


> ap 7 3G, Op z f Op 
ah on bai rma Ajj (¢, x, 7) in) +> b; (¢, x, ®, ",) Ox, an c (G; xX, &, P,). 
i, f=1 esi 
| Pewenue wu (t, x) c62adaem nepéeovimu u emopolmu NPOUsBOOHbIMU NO X;, U 


‘nepeoti npouseodnoti no t, yOosremeopsoujumu 6 Q ycaoéeuto Teaodepa. 


; 


B cayyae, korma b;= 0 (i=1,..., n), Teopema 2 moKa3anHa B paoote (°). 
eopema 2 joKa3biBaeTCH MO TOM 2%e CXeMe, 4TO H COOTBETCTBYIOMMH pe- 
ByJIbTaT B paGoTe (7), Mocle Toro KaK NosyyeHa alpnopHas OleHKa | grad, w|. 
JloKasatTesbcTBO 2TOH OWeHKH MpHBOAMTCH HWKe, 

Iyer u(t, x) apnaetca peuienuem sagaun (10), (11) B WuanHApe Cr; 
u|< M. Cuayana Tak xe, Kak HB padorTe (”), JOKa3piBaeTCA, 4TO lgrad, u | 
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MOXKHO OM€HHTb B 3aBHCHMOCTH JMUIb OT aHHbIxX 3agauu (10), (11) B HeKore 


poit mpurpanwunol o6mactH QS Qs, {Q"% 165, TH}. 
Iyctb P= max|grad,w| u myctb P jocturaetca B Qs, B HeKOTOpOM TOUK 
Q - b 


Roy at, | < BPA eee 
OnpezenuM 9 HT 43 COOTHOMeHHIt 


wf 2)s= Al (MAEM Boe o.oo 


o/2=A(M EN) BPP aS AP 


rye a, B uv A — KOHCTaHTbI 3 OWeHKH (9), a KOHCTAHTa w OyJeT BbIOpaHa HAWK 
(gepes A; OyeM OO03HaYaTb KOHCTAHTbI, 3aBHCAILMe JIMUIb OT JAHHBIX 3aa4y 
(10), (11)). Bo-neppsrx, nycts @ < min [2A1 (6,/2)*, 2A (8, /2)°] = 0% 
Torna p< 6,/2, v<6,/2. O6osHauum 4epes Q uutnHap {(| x— x |< 
< p/2 x [t, — Tt, t,]}; oweBu HO, Ce Qs,. B WHIM Ape Q MOXKHO IIPHMeCHHTB! 
HepaBexctBo (9) (3fecb B = B,P*); nosTomy B Q 


= 


|  (f2, %2) —= wu (hy, x1) 1 <— 
<A (M + N) (BGP*p* + BBP 7°) = 0/2 + 0/2 =a. 

Tak »%e Kak HB paOore (2) npn ouenke |grad, u|, B WHAMHApe Q cjesaeM | 
3aMeHy UW = @ (VU) Ip ycuIOBHH, 4TO O < @, (@, OMpedetAeTCA TaHHbIMH 3a- 
nauw (10), (11); 0 < a (@)) < 9’ (¥) <ag(@,)) MH paccmMoTpum dyHKUHIO 
w(t, x) = y (¢) &? (x) q?, roe g = |grad,v|; & (x) u y (4) — rnagKkue byHkunn, 
mpuyem 0 < & (x), nf) <1, E(x) = 0 mpu | x —x,|>p/2, n(t,—t) =9; 


i — 7 Gi 2 2 
$ (%) = N{4)'= 1, wD) [bn PD) eae Ay es | aye 
iil hs el 
__ Moxxo noKkasaTb, ¥To B TouKe (¢, x) MakcuMyMa <yHKunuH w (f, x) 
w= w(t,x) < max [1], A; (1/p? + 1/7)]. Bu6pas, nakonen, o = min(a,, o) 
H TIOACTaBAA BMeCTO p HM T MX BbIpakeHua M3 (12), umeem w< A,P™* = 
\ 2 tagtt ; = os Av ¥ 

=A, [9 (v))"o" (¢,,' x3) < Aso) tear 7  — Ay. Vrax, serogy B Q 
w (t, x) < max (1, As) = Av. Ho w (ty, x) = 4? =P? /[9’ (v)]?< Az; oTcona 

<A 

SS 8° o 

TloqoOubiii MeToX MoxHO IIpMMeHUTb JWI MOCTpoeHUA pelieHHa 3aa4un 
Kom, a TakxKe JIA TocTpoeHusn pemenust 3aqaun Jlupuxae qa KBasuauHeli- 
HBIX 93JIIMNTHY€CKHX YpaBHeHHH; [IA QJIIMNTHYeCKHX YpaBHeHHi Mo_xog, 
CBASAHHBIM C OOOOMeHHeM pesysbTata JDKopmxKu (4), uMeetca B paGore (°). 

ABTop BbiIpaxkaeT rtyGoky10 OnarogapHoctTb O. A. Oneiinuk 3a WeHHBIe Co- 
BeTbI H BHHMaHHe K 9TOM pa6oTe. 


Mockoscknit rocylapcTBeHHblii yHHBepcuTeT Tocrynnio 
uM. M. B. Jlomonocopa TLE L961 


UMTMPOBAHHAS! JIATEPATYPA 


an 2 Nash, Am. J. Math., 80, Ne 4 (1958); c6opH. nep. Matematuxa, 4, Ne 1, 1960. 
O. A. Onetinux, JAH, 138, NW 1 (1961). 30. A. Onetiuux, C. H. K p y x- 

< Bs eg a ae tee 203 Gee 4E. de Giorgi, Mem, Accad. Sci. Tori- 

no, ser. 3, 3, parte 1, ae . A. Jlagpme ‘ Soa gle Mil 

TAH, 185, No 6 (1960). Ab KeuCKaag, H Ypaapwesa, 
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Wornage Akagqemun nayk CCCP 
1961. Tom 138, Ni 5 


1 MATEMATHKA 


Axagemnk A. H. MAJIbLLEB 


Ob IJIEMEHTAPHbIX TEOPHAX JIOKAJIBHO CBOBOAHbIX 
YHHBEPCAJIBHbIX AJITEBP 


Muoxectso A BMecTe C KaKOli-H60 MOCMeLOBaTeMbHOCTHIO P,(X1, . - . , Xr;) 


(i =1,..., 8) ompezeneHHEIX Ha HeM oMepalHi HasbiBaeTcA amredponw 
TUMa (f,..., fs>. ITOT THM MBI OyfeM CUHTATb Jaslee MpOH3BOJIbHBIM, 
‘HO PUKCHPOBaHHBIM. CUMBOVJIDI P1, . .. , P, OYAYT OOO3HAYATb OCHOBHBIe Onepa- 


IMM MpousBouIbHOH areOpbi JanHoro Tuna. IIpeqMeTHbIe CHMBOBI xX, Y,.. - 
‘OynyT Ha3bIBaTLCA TE PMAMH AAUHD 1. Ecnu ay,..., 4; — TepMbl 
JME M1,..., M,,, TO BbIPaKeHHe P,(a),..., a,) HaSbIBaeTCA Te pMOM 
ee ar, le IiycTh a (ai, .. us Gn) — TepM, COCTaBJIeH- 
HbIM H3 3JIeEMeCHTOB di,..., Gd, asreOpbl A UW (byHKWMOHAJIbHbIX CHMBOJIOB 
i,..., @s. BrimowHAA Hal di, ..., A, OOOSHAYeHHHIe B 3allHCH TepMa orepa- 
IHH, ouy4uM 9JleMeHT AGA, Ha3bIBaeMBIi 3HAYeHHEM TepMa a. Jue- 
MeHTHI @i,..., dn B3AHMHO CBOOOAH DIBA, eCM 3Ha4eHHA IpoKs- 
BOJIbHbIX TepMOB @, b OT di, ..., Qn PaBHbI TOJbKO Tora, Kora TepMbl a, b 
‘camMH (rpacdwyecku) paBHEl. AnreOpa A HasbiBaeTcd CBOOORHOK, eciH 
OHA HMeeT B3aMMHO CBOOOAHYI0 CHcTemy HopowxAaromux. AuredpaA 10K a J b- 
HO CBOOORHA, eCIH Kawkaa ee nofaireOpa, MopowkseHHaA KOHeEUHOH 
CHCTeMOH 3JIeEMeHTOB, ABJAeTCH CBOOOMHOH. CBoOosHad asreOpa ABJIAeTCA UM 
JOKaIbHO CBOOOMHOM, Tak Kak J1wOad MoxaireOpa cBoOolHOK areOppi 
cpo6omHa (*). | 

_ Kaace aoKadbHo cBOOOAHBIX areOp BIOJHe XapaKTepH3yeTcH akCHOMaMH 


icahantecs hela (Yai. 9 Yr;) (255 ey nhs Ws sn (1) 


(4, ay Xr) = 9, (Yi, ~~ +, Yr) 41 HY &-. WX, =H, (=I, --.,5). (2) 
MopMysaMu jlalee OyAyT HasbiBaTbCA opMyJIbl y3KOrO MCUHC/IeHHA Mpe- 
qukatop (YWUII), coctapnenuble W3 paBeHCcTB BHga f (x1,..., Xa) = 
= g9(x1,..., X,), The /, @—TepMbl, C MOMOMIbiO JOrMYeCKHX oOMepalyi 
|, & Vi VW a: 
_ Llemb Hactosmeli 3aMeTKH — yKa3aTb aJITOpHTM, TMO3BOJIAIOWMA WIA Kark- 
ou dopmyat § (x1, ..., Xn.) MocTpouTb dopmy.1y %* Oomee Mpocroro Busa, 


‘paBHOCHJIbHyIO 7 Ha JMOOOH JOKaIbHO CBOOOAHOM avireOpe. 
B kavecTBe CJleqCTBHA MOJYYHTCA, YTO MHOHKeCTBO 3aMKHYTHIX (OpMy.1, 
MCTHHHBIX Ha JOKaJIbHO CBOOOAHBIX aJireOpax, aJIrOpHTMHYeCKH paspelliMMo. 
AnreOpa c ofHoOH ONHapHOH onepalMei HasbiBaeTcCA Tp yNMouomM. 
B pa6orax Ilenuca (*) u SAcbKoBckoro (*) NoKa3aHo, YTO BOINpPOC O BbIMOJHHMO- 
CTH s1060K dbopmyant YUIT cBogutca kK BoMpocy 0 BbIMOJIHHMOCTH HOAXoAAleH 
opMyJIbl B KJIacce BCeX CBOOOAHEIX TpyNMOWOB C JONOMHHTeIbHBIM OLHOWIEH- 
HBbIM Iipe/MKaTOM, H, TaKHM OOpa3om, Klacc dopmy YUM, uctHHupix Ha BCeXx 
CBOOOMHEIX PpyMMOnAaX C OAHOWICHHEIM MpeMKaTOM, aJITOpHTMMYeCcKH Hepas- 
emum. M3 oOuero pe3ymbTaTa HaCTOAIMel 3aMeTKH BbITeKaeT, YTO KJIacc Pop- 
py, MCTHHHBIX Ha CBOOOJHOM rpymnouse (6e3 TONOAHHTeAbHOrO MpeqKatTa), 
gpaspeniaM. 


{ 
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BpBeylem ceNyroulwe MNOCTOAHHbIe oOo3HaveHHs: 


Ni (x) (yr... Y,,) (% sf; (Ute y,)) (i == "Tie 
Ny (x) <> Nz, (x) &. . « &N a, (X) (P=Cht, .. oy tr<3 ii <<... Cine 
Egy <> (Aya » » « Yn) (Np (Ys) & - - - &Np (Y,,) & /n YY) (m = 2, 3) 
E,<(qy) No(y); Dp a 1Ep (a= 1, 2a 


Snecb /\, \/ CHUMBOJIbI, COOTBETCTBEHHO, KOH bIOHKILHH H JIM3bIOHKIUHH. 
Teopema. Cywecmeyem areopumm, noseoasmoujutt OAdl Kascdol qopmyAbl 
W(x1,..., Xn) CO C6OOO0ONbIMU NpeOMeMHbIMU NepemeHHoIMU X1,..., Xp, Nno- 
cmpoumo gopmyay W (x1, ..., Xn), paenocuabnyto MW na Kaocdot AoKaAbHO 
ceobo0not. aaeeOpe u sbAROLUYIOCA KONDIONKYUeK OusstIoNKuUl opmya euda 


N;(z), Dy, Ey u mopmya euda 
(Ada. © Yn) 4 = A& .. . &Xp =F 86 \ Xa, B® | Ug a Mj& | Nu (Ys,)), (8) 


eve fs, 2, thy mepmbt OM Xpaz,.». Xa, Yipes os Yay Og = 1) eee 
B, O seal oe shore 

Ec cbopmyvia Y% He CojepxkHT CBOOOMHHIX TpeIMeTHbIX TepeMeHHbIX, TO, 
corlacHo TeopeMe, OHA PaBHOCH/IbHa KOHBIOHKILMM JH3bIOHKIMH POpMyJ Doe 
Gas YTBEPXNLAIOULNX CyMleCTBOBAHHe WIM HeCyllecCTBOBAaHHe B avireOpe JaHHOro 
yuCa II€CMeHTOB (uKCHpoBanHoro THNa Ny, Unco THNOB 37eMeHTOB paBHO 
2°— 1, u ecau JIA Kaxyoro Tuna Ny U3BeCTHO, CKOJbKO pa3JIHYHbIX 3JIeEMeH- 
TOB STOFO THIa CCTb B avIreOpe, TO JIerKO BLIMHCJIMTb WM 3HaYeHHe CTaHapTHOH 
cbopMyvibt Qf". 

Haspipast CTaHlapTHbIM KJlaCCOM KJlacc aJireOp, XapakTepv3yeMbiit OHOH 
u3 akcnom Dj; nan Ey’, MpHXoMM K 38aKOUeHHIO, TO KancObil aKcCUuOMaMUBU- 
pyembltt KAACC AOKAAGHO CBO0OOOHbIX AAeeOp ecmMb nepecereHue KOHEeLHbLX OOBEOU- 
HenUut CMAHOAPMHbLX KAACCOB. 

Tenlepb Mbl OMMIMeM aJIrOpuTM NpHBesenuA tbopMyvibi Y% K HOpMabHOMY BUA 
Y", cymlecTBoBaHHe KOTOporo yTBepxKaeT Teopema, 

Ycenornumen q-PopMy AO Ha3splBaTb dopmysly, MocTpoeHHy1o 4H3 
BbIpaxkenHh Bua | = g, f - g, Nz), rue f, g — TepMbl, TOMbKO C MOMOLLbIO 
SHAKOB &, \/; “@, T. e. Oe3 3HaKOB 1 HY. 

ANrTOpuTM HpuHBeRenHHa Y-hopmyua. IJlycrb mpenexcuaa 

(popma yin MW ecTh (FYi- . - Ym) Mo, THE Wy — SOeckBanTopHan uacTb (1). Ipu- 
BoAA YW K IM3bIONKTHBHOH chopMe H. pacnipesesAA KBAaHTOpbl WJ, MpHBeeM Jeo 
K MpeoOpasoBanuio dopMywbl (qyi.. . y,,) MW, rae Wi ecTb KOHIONKIMA WIEHOB 
Baya D‘, EX, Ni(x), Ni(y), f=g, fg. Bee wenn, He 3aBycanHe OT 
Yi,..-+,Y,,, MOXHO BbIHeECTH HM Jasee He paccMaTpuBaTb. B cnusy (1), (2) yeHbl 
BUNA P;,(%1 ,.-., Gr) =P, (b,... »b,) mpH i= Jj MO¥KHbI, a WIeHbI 
P,(a1,..., a) =@,(b1,..., by.) MOxKHO 3aMeCHHTb paBHOCHJIbHbIM BbIpa- 
*KeHHEM G1 == bi& ...&a,,=b,, Ecnn B % ecTb wien Bulax =f, To B/ 
X BXOJMTb He MO*KeT, TAK KaK HHAYe ITOT WieH OyeT UMeTb 3HAYEHHE JIOXKb. 
OcraBuiast Takoi UeH G3 H3MCHeEHMA, MbI BO BCX OCTAJIbHbIX WIeHaX, B KOTO- 
pbIX BCTpeyaeTcA x, 3aMeHUM x Yepes /. TloBTopsa HeCKOJIbKO pas Mpeobpa3o- 
BaHHA YKa3aHHbIX THIOB, Mbl Yepes KOHeYHOe YUCMO WarOoB NpHAeM K dopMywie 
TpeOyemoro Buya. 
_ AdropuTM UpuBe_enHA OTPUNHAHHA Y-PopMyay. 
lak Kak q-opMya MpHBO_MTCA K KOHDIONKIMH JMSPIOHKIMH CTaHapTHbIX 
(popmyt Buya (3) u Ey’, Dy’, To AA MpuBe_eHUA OTpHIaHUA Y-opMy.IbI JocTa- 
TOYHO YMeTb MIPMBOAMTb OTPHWaHMH 9THX CTaHAapTHbIx uactTeii. Ho 
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Ey <> Dy un Dy <> Ey, a WW, (x) uMeet Buy (3). ostomy Hy»kHO yMeTD 
PUBOJUTh AMWb OTpuilaHHe cpopMysb (3), T. e. copMyvly 


Yi prey Y 1) LINX ca Xa; =8,V V Ys, a hyV/ V by (Ys) 


Sty opmMyty MoxwKHO MepenucaTb B Bue 


Yrs + Up) (MK =F, 41 --- 9) B), (4) 

Phe y1,.--, Y,—Bce Te Y, KOTOpble He BCTpeyaioTCA B TepMax biden dye 

[pu sananneix x, ,..., Xp cucTeMa ypaBHenuli xy = fi ,..., Xp =}! OT 

HOCHTEIbHO Y,,,5---> Y,, MOKET HMETb He 6oulee oHOTO pemieHHsa. TloxtToMy 
opmywia (4) paBHocilibHa copmMyvie 

Be Oe) (NEEDY (abe Ym) (N= Fw. + 4B). () 


aM Halo NpecOpa3soBaTb B A-COpMyVJIbI NepBbIi WwieH M3 bIOHKIUMH (5) 4 BbIpa- 
eune: (y; 5, - y,) B. 


_ Tlpusenenue copmyvi Buna (y, . ~~ Y,)(XFEP (M1 5-6 Mr Yi vere y,)) 
okaxKeM Ha TIpHMepe (y) (x= xiy-y), Mpelnouarad, 4TO paccMaTpMBaeTCA 
rpynnong. 


Tak Kak Tip 3afaHHOM X B JlOKaJIbHO CBOOOLHOM rpynnouje ypaBHenve 
xX = uv-wuMecrt He Goee OMHOTO PeIIeHMA NIA WU, V,W, TO yKasaHHasA (popMyuta 
‘paBHocHbHa chopMyie 

( (quy (x = xu-v & u = v) \/ (Aud) (x = uv & (W) (u = XW), 
‘ipHuem ‘ 
: (w) (u $e x) > (ayz) (u = yz & Y =) VN (uy). 

_ Tycth ais dopmynp (yi... y,) (mM FAV... V xo f,) yxe Halijena 
SKBUBaIeHTHaN d-cbopMa. bomee fiMHHaA <(bopMyula (yy... Y,) (me 
PEW cee V Xotie fis) 10 yYKa3aHHbIM Bblille IpH4nHaM paBHOCHJIbHa (pop- 


MyJIe 

K MPA ae V xo f) V (aM +» Y,) (41 = Fale « - & Xq=f& 
20 ee a a y,) (Xo Fh dds 

rye You Pe Y, — BCce Te CBA3AHHbIe NepeMeHHbIe, KOTOPble He BXOJAT ABHO 


Bae {ha 2m i, Ilpupezenve o6eux moypopMys, HayMHaIOUMXCA C KBaHTOPOB 
BCCOOWMHOCTH, YKa3aHO BBIILe. 


_ Tenepb paccMoTpHM B (5) nomdhopmyy (y, ..- y,) B. Tpnpenenne ee oc- 
HOBbIBaeTCA Ha CJlefyiolen meMMe. 
Jlemma. IJlycmo T, ,..., Tt— Qbukcuposannole mHODCeCM6A IAEMEHMOG 


AoKaNbHo ceobodnoit aneeOpol. Ecau Kascdoe u3 amux mHOdCeCM6 codepacum 60- 
nee u + Uv anemeHMOs, MO B6bIPAIeHUe 


oer CT) (WY ET? (Xap = BV -- + V Kay = BV Up, = HV +++ Vp, = Ae) 
(6) 


MOKCHO OAM AMOOKLX X1, ~~ +5 Xny Ypsy ree > Ym MPU YCAo6uu, “MO JAA AOObLX 
“i mepm g, omauuen OM Xq,u mepm h; OMAUMEH OM Y;, Ecau nocaednee ycaoeue 
“He ebinOAHAeMcA, MO eeLpasweHue (6). MosIcdecmMeeHHO UCMURHO, 
B caMom jleje, Kaxkyloe W3 ypaBHeHHll x,, = £, HMeeT JIA TEX Y-B, KOTOPbIe 
B Hero cbakTuyeCKH BXOAAT, He Comee OAHOTO peuleHHA. Bpl6pacbipan 9TH pelle- 
HHA U3 COOTBeETCTBYIONINx MHoxKecTB 7, ,..., 77, MOMYYHM MHowecTBa 
A ., Tj, ComepyKauyve He MeHee YU 9SJeMeHTOB KarkKoe, MNpHyeM AWA 
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yET, ,..., ¥,@T, Bce paBeHCTBA %g,— 21. .-, Xa, =8, OYAYT AOKHBI 
Tenepb uKcHpyeM Y, B Ts, 4 BMecTo (6) paccmaTpuBaem cbopmyaty 


Gael). <.(yyet) ys = Vos Oe hy) (WYg, OMycKaeTca), 


K KOTOPOH IIpHMeHAeM Te %Ke paccyRJeHHA, HT. I. 
JloKasIbHO CBOOoqHaA allre6pa OeckoHeyHa. Flostomy, eciH B BS HeT WIeHO 
IN, (ys), TO H3 JIEMMBI CJleqyeT, 4To opMyvla (y1 .. . Y,) B OyJeT uu TOR 


JICCTBEHHO JIOXKHOU, HIM TOXKJECTBEHHO HCTHHHOH. 
Ilyctb B S ectb uenpt IW, (y;). Ecam B STAX UeHaXx arene marina He BC 


y, TO, MpeoOpasya (y, ... y,)B K Buy 
(Y1 Die Y») (V Wy, (Ys,) V Yoo oases y,) (V Xa, =e V Ye, a hj), (7 


3aKJIOUaeM Ha OCHOBaHHH JI@MMbl, 4YTO BbIpaxKeHHe (Yours vee OD) xe = 

= 2,\/ \/ Y¥,, = hj) MMO0 TOxRAeCTBEHHO UCTHHHO, HOO TOXK[ECTBEHHO JIOXKHO. 
ue | 

Bo Bropom catyyae (7) Oy eT 9KBMBAJICHTHA TMSbIOHKWMH BUa Di \/...\VDi, 

v 


a B IlepBoM calyyae (7) Tox JeCTBeHHO HCTHHHA. 
’ Octaetca paccmotpeTb dbopmy.ly (7) mp ycoBHH, 4Tow = f/, T. e. ITO Kaxk- 
Hoe Yi ,..., Y, COMepARUTCA B MOAXoAAmeM wieHe IW, (y,). OOneqMHAA dWie- 


Hbl, OTHOCAMLMeCA K OAHOMy HM TOMY %e Y,, MpeoOpasyem (7) K opMe 


(Yr --- Y) (Np, (Yi) &. . . &N yg, (Y,) > VV Xa; = 2,V V ene fy). (8) 


Ilyctb M;— coBokynuoctb Bcex Ny, 91eMeHToB are6ppi. IlepenucpiBas (8) 
B Bue | | 
(yor My)... (yy;E My) (ve, = 2 Ve VW Xa, = 8, V Yo, =h\V.. 

1 V Yq, = Mo), (9) 
3aKJOUaeM Ha OCHOBaHHH JIEMMBI, YTO (9) Tox MeCTBEHHO JIOXKHO, eCJIM KaxKoe 


MHoxkecTBo M; coflepxHT Ooulee uw -|- v 3eMeHTOB. CuleqoBaTesbHO, tbopMya 
(8) paBHOCHJIbHa BbIpaxKeHHto 


Oi & DV...vOz eB @=u+ 9, 
rye yepes % oOosHayena cama dbopmysia (8). Ho 
Dj" <>Ds V (Dj & Es) VV... \V (Dp! & E5), 
NosToMy * (opMyia (8) paBHOCHIbHa AM3bIOHKIMH. dopmya Dy, u 
DS" w Ey & $ (o =1 ,.. .; Ze Ho 
D5 & Ey, & 8D 


<> Dy1& (qwi .. . We) (Ny, (1) &. . . &N yp, Ws) & Aw; =+-w)&/\G (u,)), 
re m010%KeHO 
G (uz) — (Yo-::. Y,) Ne (ie) Soe Ny AY.) > S (is Yard os a Hy" 0 Ah 
DAG nee ts Yinr 1 s+ + 09 Xn) \ Xa, = BV V Ya, 


TakuM o6pa3om, Jeo cBeoch K IIpHBeleHHIO (bopMy.I G(u;) Bua (8), co- 
Aep#KaulnX MeHbuUIee YHCIO KBaHTOpOB BCeOOULHOCTH. 


IlocrymH10 
9 ITI 1961 
IMTHMPOBAHHAA JIUTEPATYPA 


1Tl C. HoBpuKkos, Snementst MaTemaTuyeckon siorHKH, M., 1959. 2 J. Pepis 
Fund. Math., 30, 257 (1938), 3S. Jas kowski, Fund. Math., 43, Ne l, 36 (1986). 
A. VM. Manbues, YMH, 16, Ne 3 (1961). 
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Jloxnagnm Akagemun nayk CCCP 
1961. Tom 138, Ne 5 


MATEMATHKA 


b. MACbIHKOB 


OB OBPATHbIX CMEKTPAX H PASMEPHOCTH 
(IIpedcmaeaeno axademuxom IT, C. Aaekcaxdposoim 8 IT 1961) 


| I. Cnextp S = {P,, o) (ompemeteHve crektTpa CM. B (') HAM B (?,°)) Ha3bl- 
BaeTcH OMUIAPAAbHBIM, eCIM MpoctpancTBa P, ABAAIOTCA MOVIM- 
alpaMu, JaHHbIMH B HeEKOTOpPbIX CBOHX TpHaHryJAUMAX. Ecauv lp HeKOTOpbIx 


8 
ofpasfenenuax Pg uP, MpoeKWHH ®, ABJIAIOTCA CHMIMVIMIMAbHBIMH WH Ha CHM- 
meKcaX MloJpasfeleHud ad PHHHbIMH, TO cneKkTp S Ha3biBaeTCA CU MII J H- 


ql 
‘MaadbuHbBIM. Cnextp 2 = {Ka, we} Ha30BeM KOMOUHATOPHDUM, 


scl IpocTpancTBa K, ABJAIOTCA KOHECYHDIMM KOMMJIeKCaMHM H IIpOeKIMH wy, 
[pPaH3HTHBHBI M OLHOSHAYHbI. OTH CHeKTpbI OyAYT NpedmomaraTbeA xaycopo- 
sbIMH HM CYILeCTBeEHHBIMH (”). : 
3ameuauue. Komnaexcn K, He MpesnouarawTcA MOJHbIMH, T. e. 
ipanu cumiuiekca /,€Kq He OOA3aHbI BXOMMTb B Kg. 
Komnaexcnt K, MoxkHO paccMaTpHBaTb Kak TorosorMyeckue 7',-MpocTpaH- 


3 B + 
rsa ('), B STOM C1ydae NpoeKUMH @, ABMAIOTCH MpOCcTO HEIpepbIBHDIMH OTO- 
Opaxenuamu u qa K, ompeyetena pasmepnoctb dim Ka. CneKtTp S= 


3 (Pu; @2}, cooTBercTBeHHo Y = {Ka, ®;), CyleM HasbipaTh f-Me pH bIM H 
nucatp dimS < r, coorsetcrsenHo dim 2 <r, eclM WIA JuOOOTO G BHINOIHEHO 
dim P, (dim K.) <r. Jlerko BugeTb, 4TO AA NpefebHOrO MpocTpancTBa xX 
¢-MepHoro NOMS pasbHoro WMH KOMOMHATOpHOrO CHeKTpa  BbINOJIHeHO 
dim X < r. Moxuo MNokasatTb: 

‘ Teopema 1. Jaa moeo «mobo cnexmp 2 = {Xq, Oz} C npoeKyuAmMU 
«Ha», 20e X_ — OuKomnaKmol (coomeemcmeeHHo, cYyleCcméeHHolll cneKMp U3 
(KOHEHbLX KOMNAeKCOG), Oa6aA 6 Npedene He Oonce 4eM r-mMepHolti 6 cmoicne dim 
(6uxomnaxm X, Heo6xodumo u Oocmamouno, 4mo6v1 0A 2100020 Xq U ee0 NOKPELNUA 
@ = {0}, t= 1 ,..., 8, cyujecmeosano 61 Xp, b > 4, MaKkoe, 4MO 6 HEM MODC- 
4 6nucamb noKpelmue KpamHocmu He Goree vem r —- 1 @ NOKpoLMUe Us npooopa- 
Boe (Bz)? 0;. 

- Hasopem komisekc Kg KOMNMEKCOM AIHHBE { wu OyeM nucaTb 
‘ind K,.< 1, ecav MakCHMasIbHoe: YHCIO 3JICEMCHTOB B JuOGOH eCTeCTBEHHbIM 
Opa3soM yMopsOyeHHOM WelouKe ero CHMIIJI€KCOB He 6omee vem 7 + 1. 
Ilpumep. Jaa komnuexca K, coctoalero U3 TeTpasApa f°, ero JIBYMep- 
fi rpanu 7, pe6pa ?, sxBasiouleroch paHblo ?, WW BeplIHHb! 
peOpa #1, umeem dim K = 0, ind K = 3. 

ByJleM FoBOpHTb, YTO pa3MepHOCTb CTapWIHX CHMIWICKCOB KOMIIJIeKca Ke 
He lpeBocxosuT f, ec erO MOXKHO peaH30BaTb TAK, YTO pasMepHOCTb CTAap- 
MX CHMIMIeKCOB pealu3aluu He MpesocxoxuT fr. PcHO, YTO B 9TOM Culy4ae 
dim K <ruind K <r. U, nakonen, cnextp 4 = {K,, @:} Ha30BeM C II e K- 
pom Aauun ! (indd</), ecuu ANA muo6oro a uMeem ind K, < /. 
cHo, uo dim 2 <r u indi<r, ecan ANA Ju060rO & pasMepHOcTb cTap- 
Mux cHMMeKcoB K, He MpeBOCXOJMT FL. ’ 
Teopema 2. Ecau 0aa KomOunamopxoco cnekmpa x umeem ind x < 1, 
to Aaa npedeacHoeo npocmpaxcmea X 6oinoaneno Ind i i 
 Teopema 38. Ecau 6uxomnaxm X ssasemca npedeaom r-mMepHo2o CUMNAU- 
uaAbHoeo cnexmpa S c npoeKYyUsAMU «Ha», MO OH ABANEMCA npedeaom KoMOUHQ- 
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mopHoeo cnekmpa X c He O0.1ee 4eM T-MEPHOLMU CMAPWUMU CUMNACKCAMU KO. 
coe amoeo cnexmpa, m.e. indX Cru dima<r. 

Tlanee, MoxKHO nocTpouTb OuKoMNaKT L, ABMAIOULMHCA MpeleslIoM OAHOMep 
HOrO KOMOMHATOPHOrO CeKTpa WWIMHbI 1, HO He ABJAIOUIMHCA MmpelevIOM HHKa 
KOrO OLHOMePHOrO MOHI{pasbHoro cneKTpa. JLaia astoro GuKomnakta dim L 
= indL=Ind L=1, T. e. uMeem ycumeHHe pe3ybTaTa, NoNyyYeHHOrO B(*)*, ry 
OTCYTCTBHE OLHOMEPHOPO MOJHIApaIbHOFO CNEKTPa BLIBOLMJIOCh JIMLIb MIs1 OLHO 
MepHoro B cmbicie dim OMKOMNaKTa H CeqOBaIO H3 HeCOBMaseHHsA JIA 9TOF 
OuKOMMakTa pasmMepHoctelt dim u ind (Ind). U3 aByx 9k3emn.1apoB OuKkomnak 
ta L (anaormuuo Tomy, Kak 9To Jemaa B (°) O. B. JlokyuHenckuit) MoxKHO 10 
cTpouTb 6uKomnakt M, Aaa KoTtoporo dim M = 1, a ind M = 2, no Torga 
10 Teopeme 2, 6uKommakT M He MOXeT ObITb peAeJIOM HHKaKOrO KOMOMHAaTOpHOr 
cnekTpa JWIMHbI |, T. €. 1d KOMOMHATOPHBIX CHEKTPOB aHHOH THAI He BepH 
Teopema CYMMBI. 

B (*) Obi0 noKasaHo (3TO TakxKe ClehyeT U3 Teopem 2 xu 3), 4UTO U3 CYyIeCT 
BOBaHHA Jia OnKOMMaKTa X /f-MepHOFO CHMIJIMUMaIbHOrO CeKTpa cselye 
Ind X < r. Oka3piBaeTcs, AIA m06oro m = |, 2, .» CO MOXKHO MOCTPOHT 
6ukommaktT A(m) Tako, uTo dim A(m) = ind A(m) = = Ind A(m) = 1 nw A(m) 
GydeT mpesesoM OLHOMepHOrO KOMOMHATOPHOrO CneKTpa JVIMHbI OLMN, HO Ls 
KOTOPOrO CHMMVJIMUHaIbHbI CneKTp OyjeT He MeHee 4eM /71-MepeH. 

TloctpoeuuneLl uA (m). O6o3HauMM Ha MpaMoH TouKy (—'/s) yepe 
a; otpesoK [0, 1] — uepes /,; KaHTOpOBO coBepItieHHoe MHO?KECTBO. SOBIYHEIM 
o6pa3s0M pacmouloxwKeHHoe Ha 10, 1], — 4epes3 Ca H TouKy (?/2)— wepes a + 1. 
Torga MHoxectBa aw/,0a + 1 uw aUC,Va + 1 ecrecTBeHIbIM o6pa30M ynio- 
paqoyenbl. B 3Tom calyyae OyeM roBOpHTh, uTO I, wom C, WOMeIIeHbI MexKAY 
ana-+t lI. | 

Tloctpoum L. PaccmotpuM TpaHcduHuTHble uncsa a < wi. TlomecTHM MexkaAy 
napowH uncena ua + | orpesKu J, pH t060M a2€W (»1) = (a < wi}. Tomo- 
Oru B MHowecTBe K= |) aw |) J, 3afaeTcA TpaH3uTIBHbIM MOpA,KoM, 

ALO, Amo, 
NOpO*KJCHHbIM MOpAKOM 4HCe HW MHOwKecTB aW/,00+ 1. YMHowKUM MHOKE- 
crBo K Ha KaHTOpOBO CoBepllieHHOe MHOxKeCTBO C, H 3aTeM MHOMKECTBO C X wi 
CKJI€HM B OTPe30K, OTOXKMECTBAA MOMAPHO KOHILbI CM@%KHbIX K MHOMKEeCTBY C 
HHTepBaJOB (MpesqNouarad ero OOLIYHBIM OOpa30M paCHOJIOXKeHHbIM Ha OTPe3ke 
(0, 1]). Moctrpoenne 6ukomnakta L 3akonueno. Kak BHO, OHO MOXOLUT Ha 
lipoBeweHHoe B (°), 

Tloctpoum 6ukomnakt A (m) gaa m = 2. PaccmoTpuM Bce TpaHccpHHUTHbIe 
uucia &@ Co, H BP < @,;, Pe @-, — NepBoe NopsATKoOBoe 4CIO peryAApHOL 


MOULHOCTH T; (T. €. M-, He ABJIACTCA MpelebHOH TOUKOM HUKAKOrO NOAMHOKe- 
ctBa 43 W (@: ;) MOULHOCTH MeHbuleit, 4em 1,). [lomecTHM Mexkyly KaxkoH mapoli 


qucel a Ha + | KAHTOPOBBL COBepIeHHbIe MHOxecTBa C,. TomouiorHA MHOxKe- 
RTBAsloe' = U aw |) C, 3afaeTca, Kak HM paHbile, TpaH3HTHBHBIM MopsAyKoM, 


<< - a2<0). 

if? i 
OpOxXJCHHbIM Be ee a HW MHomecTB aU C, va-+ 1. AHanoru4Ho 
nomyuaem C.,= |) B a J) Cg. Cuutaem t2 >> t1. TepemHomxum muHoxKectTBa C., 


B< Oe 


vu C.,. B 3Tom ripe awen nee Ha MHOMKeCTBaX C., X W,, H @:, X Cz, CKIeHM, 
Kak yxe le1aloCb ee KaHTOPOBbI COBeplleHHble MHOwxeCTBa Cy X @:, 


uw, < Cy (Aa Beex a < o., HB < o,,) B orpesku J, u Ig. Tlonyuenupiit 
OUKOMMaKT Hf Oy eT HYIKHBIM A (2). A (co) nNomyyaetea 43 ANCKpeTHOH cyM- 
Mb lpoctpancts A(m),m = 1, 2,..., MocpeyxcTBOM OHKOMMAaKTHUK ALLAN OMHO 
TOUKOH. 


II. Moxkno paccmatpuBatb cnektppl S = {X,, ®;}, rae X, — xaycnop- 
2 f 
(POBbI MpocTpancTBa, HaKAaQLIBad Ha MpoeKUHH 8, Hu pasMepHocTh Xq oMmpe- 


ACNeHHbI€ OPPaHHYeHHA, H MOWy4aTb OWeCHKH [WIA pa3MepHOCTH MpesedbHOrO 
npoctpalicTBa sie 


* e 
QTor Gonee cnaSeili pesybTat Nomyuen TaKwKe C. Mapyemuyem B G) 
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eopema4. Ecau npoexyuu &% ne noxuocarom ind samknymelx nod- 
inoncecme Xp_(m. e. ind ®F > ind F, 2de F samxnymo 6 Xp), mousind X, <r 
Ona swdoeo a caedyem, umo ind X <r. 
Caenctsue |. Ecas reopeme 4 maoxectso ® CX aBneTcA O“KOM- 
lakTOM, TO 8, He MoHMxKaeT pasMepHocTu ind MHoxecTBa M ANA mMOOoro a. 
' CaegacTtsnue 2. Ecan of &, notpeOoBaTb 34MKHYTOCTH, TO AVIA JIIO- 
6oro 3amKuytoro /_X umeem ind fF > ind F pu 060m a. 
Caenersue 3. B uactuocm, ecan dim X =r, X. — Mpoctpanctsa 


cueTHoli Ga3oi, dim X. <r u @$ 3aMKHyTH HM HyAbMepHbI, To ind X = 
dim X. Orcioma BUAHO, 4TO ecaM aaa ONKOMMaKkTa X MMeeM dint a= 
r < ind X, ro B cmextpe S = {®,, @3} naa X, rae P. ABAAIOTCA r-Mep- 


bIMM KOMMaKTaMM (TaKoH cieKTp Bcerga cyulecTByeT, cM. (*)), BCe MpoekNMH 


5 He MOryT ObITh HYJIbMepHBIMH. 


Teopema 5. JTycmb 6uxomnaxm X s6anemca npedeaom makoezo cnekmpa 


5 iene} u3 OuKomnakmoe X,, 4mo @ we nonusnatom Ind 3samKnymoLx 
"nodmnoocecme Xg. Toeda: a) us Ind X. <r daa aw6oeo a caedyem Ind X <r; 
6) daa awbo2e0 a Ind&,D > Ind M, ede P samknymo 6 2G 

; Caenctseue. Ecan s cnextpe S mpoctpanctsa X, ABAAIOTCA KOMIIaK- 
‘TaMH, AIA KOTOpHIxX dim X, < dim X u npoekunH @; HyabMepHs, To dim X = 
m= ind X = Ind xX. , 
y IIpumep. Jaa tpancbunutnoi npsmoii A umeem dim A = ind A = 
‘=IndA=1, qua nee jake cymiecTByeT OAHOMepHbIi CHMIVIMILMasbHBI 
‘CilekTp, HO OHA He ABJIAeTCA MpesesOM HUKaKOTO OMHOMEpHOrO CieKTpa H3 
“KOMMAKTOB C HYJIbMePHBIMH MpOeKUMAMH, TAK Kak .1106aK HelpepbiBHan PyHK- 
‘uHa Ha Hel (uHaIbHO NocTOAHHA. 
I. Ucnomn3ya cnektpbi, MomwkHO JOKa3aTb CJleAyroulee YTBepKeCHHe. 
ji Teopema 6. J/lycmo umeem aokaabno. OUKOMNaKMHYIO epynny Cr, ace: 
" samKnymyto nodepynny H u npocmpancmeo seéolx (npaeelx) KAACCOG A=G/H. Ecat 
Bird H<counu ind X< oo, mo dimX = ind X = Ind X = ind G — ind H. 
Sameuaune. Copmayenne pa3mepHocTeit A JOKAaIbHO OMKOMIMaKT- 
| HBIX rpymn Ob11I0 JoKa3aHO B (°). PaBeHcTBO ind X = ind G— ind H, xorya 
“ind X < co*, cmenyeT u3 pesyptatos Mocteprta (’). 
_  OkKaspiBaeTcsa cipaBeqiMBOoH TaKxKe TeopeMa 7, ABAAIOULAaACA YyCHJIeHHeM 
_pesyaptata A. Apxanrempexoro (°): 
— Teopema 7. Oduopodnoe npocmpancmeo X = G/H daa AOKaAoHO 6u- 
~ Komnakmuott epynnet G pacnadaemca 6 Ouckpemnyto cymmy PUHAAbKO KomnaKkm- 
HblLX NpOCmMpancmée, M. e. ABAAEMCA CUABHO NapaKoMNaKMAwIM, A 3HaUUM UL HOP- 
 MQAbHOIM. 
. Astop BbipaxkaeT ucKpeHHioio OnarogapHoctp II. C. AgeKcaHpoBy 3a 0- 
| CTaHOBKY HEKOTOPBIX H3 PeLICHHbIX 3feCb 3aja4y. 
| ITpumevanue npu Kkoppexmype. Moxuo nocrpoutb axe 3MeeBHHBIL 6u- 
'xomnakt N, gaa kctoporo dim N=ind N = Ind N=1, Ho koTopplit He 
_ OyleT MpeseNOM HHKakOroO OAHOMEPHOFO TNOJMIApabHOTO CleKTpa, B_ Yact- 

HOCTH cilektpa 43 mpoctsix pyr. 3 ”Byx 9K3eMIIApOB OHKOMMAKTA N Mox- 
/ HO MOcTponTs 3MeeBHAHHI OuKOMMaKT P, QA KOTOpOrO ind rite rte. 
| TeopeMa CYMMBI JIA pa3sMepHoctH ind HeBepHa jlaxKe JIA 3MCeBHAHbIX OUKOM- 
_ 1aKTOB. 

Mockosckuit rocyapcTBeHHbIM yHUBepCHTeT Tlocrynnso 
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MATEMATHKA 


B. B. NAWIEHKOB 


O CTPYKTYPE NOANPOCTPAHCTB PHJIBBEPTOBA MPOCTPAHCTBA 


(ITpedcmaeaeno akademuxom A. H. Maaoyesoim 7 II 1961) 


M3zectuo (°), 4To HonomHeHHe cedeHHaAmU R AucTpHOyTHBHOH cTpykKTyppl L 
MOXKeT He ObITh JeeKHHLOBOM CTpykTypol. C Apyrou cTopoHbl, monowHeHHe 
ceuyeHHAMH OyeBOH aslreOpbl — OyweBa asreOpa. OcTaBasicA OTKPBITHIM BOT- | 
poc, OyfeT JIM MONOTHeHMe eteKMHAOBOM CTpyKTYpbI C AOMOMHeEHHAMH OOA3a- 
TEJIbHO JleeKHHOBEIM ((?), nmpo6sema 57)? B HacTosileH 3aMeTKe MOKa3bIBaeTca, 
UTO ake JIA JeqeKMHLOBOM CTpyKTYpbl C OPTOAONOJHEHHAMM MONOHeHHe Ce- 
YeHHAMM MO*KeT He ObITb jleeKMHOBBIM. 

Ilyctp H — rusmpOeptoso mpoctpaHcTBo. O603Ha4duM MHOXKECTBO BCeX MOZ- 
mpoctpancts 43 H uepes L(H), MHoxwKecTBO BCeX 3AaMKHYTHIX MOAMpOCTpaHcTB 
yepes 7(H) 4 MHOxKecTBO BCeX KOH€YHOMEPHBIX MOAMpPOCTpaHCTB HM MX OpTOro- 
HAJIbHBIX JonOHeHHU depes S(H). Tak Kak KOHedHOMepHOe NMOANpocTpaHcTBo 
3aMKHyTO ((*), crp. 60) u opToroHasmbHOe JOMOJIHEHMe JHOOOTO MHOMKECTBA ECT 
3aMKHYyToe mosmpocrpanctso ((1), ctp. 83), To L(H)  T(H)~ S(A). Msi 6yzem 
fipeqnouaraTb, ¥TO MHOxecTBa L(H), T(H) u S(H) ynopsgouenbi mo BKIOUe-— 
HHIO. , 

IIpeynmowxeune 1. IIycmp Hi u A cymo nodnpocmpancmea e H, 
npudem H1 3amKaymo, A KoHneuHomepHo. Toeda Hi + A ecmb 3amKAymoe nvd- 
npocmpancmeo ((*), cmp. 50). 

Ilpeqzaoxeunnue 2. Kaocdoe 3samkaymoe nodnpocmpancméo seasemca 
OPMOZOHAAbHOLM OONOAHEHUEM CB0C20 OPMoeoHAaAbHOeO OonoAHeHusA ((*), cmp. 102). 

Ycaopumcs O6o3HayaTb Yepes AH} opToroHabHoe JONONHeHMe MOAMpocrpan- 
crpa fi, 

IIpeqguomwxeuue 3. Ecau Hi —3amkxymoe nodnpocmpaxcmeo, mo 
Awoouw saaemenm x€H eduncmeennoim oOpasom npedcmaeasemca 6 6ude 
X= x1 + x2, 20e x16H1, x26 Hi (4), emp. 101). 

Ec HaM HYy%KHO TlOJ4epKHYyTb, 4TO To_MmpocrpanctBo H1 KOHeYHOMepHO 
(ABJIACTCA OPTOFOHAJbHbIM JONOMHeEHHEM KOHEYHOMepHOroO), TO MbI OyyeM Toy 
(Haq) OyKBou Hi cTaBuTb 3sHayoK \/ (/). 

Ilyeth Hi u He — MOMIpocTpancTBa, MpHyeM Ai 3aMKuyTo. Ha ocHopaHun 
IpeoKeHHA 3 KarKMbIH SeMeHT X.€ Hz MOXHO MpelCTaBHTb B Be X_ = 


= Xa —- Xa, Tie Ny CH 1, Cue Liae MommpounpaNeio; cocTosulee U3 9JIEMeH- 
TOB x, € HY juin Bcex xX. € H2, o6osHauuM uepes Hs". 

Jlemma l. ITycmb samkaymoe noOnpocmpancmeo H1 codepocum nodnpo- 
cmpancmeo Hz. Toeda Hi ecmb opmoeonanbHoe Oonoanenue KOHeLHOMePHOZO 
nodnpocmpaxncmea. 

MoxasateabctsBo. Tak kak Hi > He, To H} > Hs. Ho Hz no ycno- 
BMIO KOHeYHOMepHO, 2HauHT, H H} KoHeYHOMepHO. OctaercA BOCMOMb30BaTbCA 
ipeqviowxeHHem 2, 

JlemMa 2. [Todnpocmpaxcmeo i + He samkuymo, Kakosel 6b Hu GoLau 
nodnpocmpancmea Hi u He. 
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OKa3aTeabcTBo. JlposepumM crpaBeqHBOCTh COOTHOLIeHMA 
Hy-- Hea Hy -- B". 


Ilyerb x € Mi + He, T. ec. xX = hi + he (m1 € Ai, h2€ Hz). Bo3bMem mper- 
TaBsleHve 9ueMeHTa he = h,+ hy (h,€ Hi, hy€ Hy). Torna x = + he = 
= (fi + hy) + hy. Ho (ht he) € Hi, hy @ HY, oTkyna x @€ Ai + HE. O6- 
Brio, myctb y= Hi + H;, tr ec. y= mm + hy (ha © Hi, hy € HE"). Torya 
fi HEKOTOporo h2€ Hz umeem hz = hy -L hs, rye hy € M1, oTkyma y = fi + h, = = 
efi + he — hy = (hu — hy) he @ Hi + Ho. 

® Tax kaw Hi" < H° u H? no YCJIOBHIO KOHEYHOMEPHO, TO H Aes KOHeEYHOMEp- 
©. OcraeTca Bocnob30BaTbea Mpeliowenvem 1. 

Ecuim B 4YacTHOHO YHOpANOUeHHOM (4. y.) MHOXKECTBE CyMleCTByIOT HaHOOVIb- 
MU WIM HAaMMeHbIIM 9JIeMeHTHI, TO MbI HX OyeM OOO3HAaYaTb Yepes | u O co- 
TBETCTBEHHO. 
~JlemmMa 3. J[Tycmo 4. y. mxoocecmeo A aescum 6 cmpykmype B, Komopas 
; B B 
IxXpansem omnowenue BO RAE EEA. Toeda, ane x = sup {Xa} (x = inf {x2})*, 
cA u {Xa}GA, mo x = Ap ee tai {Xat). 

|MokasaTeabcTBO TpuBuanbHo. 

/Caencrsue l. IlycTb CTpyKTypa OTHOCHTeIbHO NopsAyKa BKMIOUeHHA 
j COCTOMT H3 MOAMpoctpaHcTB (3aMKHYTHIX IpocTpancTB) WpoctpauctBa HH. 
aK KaK TeOpeTHKO-MHOXKeCTBEHHOe TlepeceyeHve MOAMpOCTpaHCcTB (3aMKHYTHIX 
OqnmpoctpaxcTs) ABJIACTCA MOLMPOCTPaHCTBOM (3aAMKHYTHIM MOAMpOCTpaHCTBoM), 
0 CTpyKTypHoe MpousBesenve Nosmpoctpancts B U 6yyeT coBlagzaTb C Teope- 
HMKO-MHOKECTBEHHBIM TlepeceveHHeM, eCJIH 9TO MepeceyenHe BxXogHT B U. 
Onpegeaeune 1. Crpyxtypyl c 1 u 0 Ha30Bem poe POH 


OpTOMONOAHEHHAMH, ECM CyllecTByeT OTOOpaxeHHe QP: x La 
tpyktypp L BL, npu kotopom: 1) u3 x > y cnenyeT x Ky’; 2)x+ x =1; 
i x-x = 0; 4) x” = x aia mo6nx x, yEL. 

_Jlem™Mma 4. JIycme L—cmpyxkmypa c opmodonoanenuamu. Toeda us 


t 


= sup {xa} (x = inf {x.}) caedyem x' = inf {x} (x’ = sup {x,}), 2de 
’ iL Xq_— OpmodonoaHeHUA aneMeEHMOB X UW Xz. 

| MokazsateabersBo. BREAD x = sup {x.}. Tak Kak X% DX, TO 
“ << X, ipa Bcex a. SHaunt, x’ ABIACTCH HWDKHeH (TpaHbio Wisi {xy}. Ecuu 


— [pyran HWKHAA rpaub, T. e. yY < Xu, TO y’ > X_ = Xq_ Mp BCeXx a, oTKya 
“> x = sup {x2}. Ho torma y< x’, T. e. x’ —TOWHAAT HMKHAA rpavb 
aA A (Xa): 

JlIemMa 95. 4Y. y. mxoocecmeo T (H) seasemca noanou cmpyKkmypot c 
pmodonoAHeHUusMU. 

WokasatTeabctTsBo. Samerum, sto 7 (H) 53H. Tak kak T (H) co- 
TOUT H3 BCe€X 3aMKHYTHIX TlosNpoctpancts u3 H, To, Mo CleqCTBUIO a BMeCTe 


A 


JHOObIM MHoxecTBOM Hogmpoctpancts {H,} B T (H) BxoguT u inf {H,}. 
Icnoub3ya (7), cTp. 82, 3akaiouaem, uto T (H) — nomHan cTrpyKTypa. 

Kaxjlomy nognpoctpauctsy X &€7 (H) noctaBuM B CooTBeTCTBHe ero OpTo- 
jOHabHOe JonomHeHHe X°. BpmnomHenve 2) u 4) ompegetenua 1 oveBUAHDIM 
\6pa3om culemyeT U3 MpeqoxeHui 3 u 2 cooTBeTcTBeHHO. BuinomHeHHe |) u 3) 
ferko lipoBepsetca. 
 Teopemal.4Y.y. mnosecmeo S (H) seasemca nodcmpyKkmypou cmpyK- 
faypo L (A)**. 

B 


—| 

* sup (inf) o3HauaeT, 4¥TO TOUHAad BePpXHAA (HM2KHAA) Tpanb OepeTcA B ¥. y. MHO- 
xecrsBe B. 
; ** WU. y. mHowectso L(H) ectb nomHad ZexqeKuHfoBa cTpyKTypa ((*), crp. 188). 
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AQ\K As ate db CT BO, Ilyetb Hi w H2 npunagnexat S (4). O603 
uum Hs - sa (1, Hz) = Hif\H2 (amMeetca B BUY TeOpeTHKO-MHOMKECTB 
L . . 


Hoe mMepeceyenne); Ha = Hi + He. 
PaccmMoTpuM CJlelyloulve cilyuan 
1. Hi, Hz; rorna Hs u Ha koneunomepupl, 3HauHT, Hs, Ha€ S (/). 


2. Ai, He; torga Hs < H1, a 3nauut Hs Koneynomepxo u Hs €S (H). 


V3 npeaioxenua 1 cmegqyet, uro Ha 3amKHYyTO, a Tak KaK Ha > Ha, T 
no jemMmMe 1, umeem Ha €S (A). 


° aye } 

8. Ai, He; nyctp Hs = a + Hy = H} + Ay. Tax kak Hs > Hy uw Hs > A, 

no. HS < (HY)? = Aaa) He, oTKya 5 <= Al. tHe See 
[lognpoctpauctso Hs KOHe4HOMepHO Kak CyMMa KoHewHoMepHblx HY u H 
Kpome toro Hs 3aMKHYTO KaK TepeceyeHHe 3aMKHYTbIX MOAMpOcTpaHcTs; Ci 


IN 
yoBaTebHO u3 (H;) < Hs uw memmpt | BhITeKaeT, uTo Hs €S (H). Ilo aemmMe 


HoxmpoctpanctBo Ha 3aMKHYTO, a TaK KaK KpoMme Toro Ha > fli, To, BBA 
JieMMbI 1, nogmpoctpancTso Ha€ S (fH). 
Mobi Tloka3ayiv, 4TO BMecTe C KaxKJOH Napow noxnpoctpaucts fi u Hz uw 
S (H) B S (H) Bxo_aT MX CTpyKTypHble CyMMa H MponsBeyenHe u3 L (/1), T. & 
S (H) apaaetca noxctpyKtypou B L (A). 
CnaenaetTBue 2. Crpyxtypa S (H) deqekuuyosa. 
CuenetsBue 5. Crpyxtypa S (H) aBasetca nozctpyktypou B 7 (H) 
i 


MokasateapctTso. I[lycts Mi, H2€S (A), rorna Hs = inf (Ai, Hag 


L j 

u Hs = Mi + He takxe BxogzaTt B S (H), Tak Kak S (H) — nogctpyxtypa } 

L (H). U3 T (H) 2 S (A) 3aKmouaem, uTo BMecte c Hi, Ha €S (H) crpyxtyp 

T (H) coyepxur u Hs, Ha €S (H), oTkyna, BBuny T (H)CL(H) u aemmpr 3 
T i 


nomyuaem Hs = inl (Hi, He) uw Ha = Mi + He, 7. e. S (H) ects noactpyKtyp 
Bid Ge), 

CaenetBue 4. Crpykxtypa S(H) saBasetca cTpykTypow c opTogo 
NOJHeHHAMH. 

Jloka3satTeabetsBo. Crpyxtypa 7 (H), no aemme 5, o6aqaer op: 
POMONOJHEHHAMH, pwuem B HoAcTpyKTypy S (H) crpyKtyppl T (H) BMecte 
C K@KIbIM MOAMpocTpanctBom H1 BXoAUT ero opTogzonomHeHHe B T (1) (opto: 
rOHadbHoe WonouHeHHve K /11). Jlerko mpoBepsetca BEINOMHeHHe 1) — 4) onpe 
Jetenun 1, 

JIemMma 6. J]ycme 4. y. mnoocecmeo. P codepocumca 6 noanott cmpyKmy pe 
L, npuswem L coxpansem omnowenue nops0Ka 6P. Ecau Kkaocdoutt saemenm x EL 
MAKEMCA MOLHOU NudCHet WU mouHolt BepxXHell epaHbto OAA NOOMHODECMEB IACMEH: 
moe u3 P, mo L usomopqdua nonoanenutro R 4. y. mHoocecmea P cevenunmu *. 

Jloka3satTeabetTsBo. Kaxgomy x¢@L  noctaBuM B cooTBeTCTBHE 


& 
mMHomecTBo J (x) = {pEP; p< x4 — J (x). Tak Kak x = sup. / (x 


To ai (x) = {p GP,.p Sx), a Torta a Sint (x), oTKyfa. wl. (2) Scie 
G MEAOBATEEHO, pale) ER aaa mo6oro x€L. Hao6opot, nycth JER F 


x= weap f, “Torga I” = I"\(x)) Morkyaa We PS) ee 
oOpasom, ~p oTo6paxaert L ua Bcw ctpyktypy R. M3-x > y cnenyer / (x) > 1 (y) 
H oOpaTHo. CueqoBaTenbHO, OTOOpaxeHHA ~ H ~~! OMHOSHAUHDI HM H3OTOHHDL 
T, €. @ — H30mMopcdusmM. 

JlemMmMa 7. Cmpyxmypa T (H) usomopdHa nonoanenuto cedeHUusAMt 
cmpyKkmypot S (fH). 


* . 
a B Ramee *), cTp. 93, orciona xe B JOKa3aTeIECTBe OyAYT HCNOJb30BaHbI OOOSHAa4eHHS 
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Se ae ns 


TlokasateabpcectTso. I[lycth {X,} — MHOKeCTBO BCeEX OJHOMEPHBIX 
: : T 
yIpocTpaHcTs 43 noympoctpanctBa 11 ¢€7 (H). Torga Hi = sup {X,}. Lanee, 
44 


yCTb ery = H, = sup {Y,} ecTb MpeycTaBmenve Nog_mpoctTpaHcTBa H{ B suge 
YMMbI OJHOMepHbIX NosmpoctpancTs Y,. Tora, yYHTbIBaA pelioxenve 2 


. Fak 7 

jlemMpl 4 4 5, MbI romyyaem Hi = (H,)’=inf{Y,} = inf{Y3}. Takum o6paszom, 
BbINOIHEHbI YCOBUA JeMMbI 6. 

- Jlemma 8. JTycme H — 6eckoxeunomepnoe npocmparcmeo. Toeda cmpyK- 


mypa T (H) we seasemca dedeKundosoi. 
' fLokasatTeabecTso. Ilyctb Ai u H2— Takve 3aMKHyTble NosNpo- 
vig 


expanersa, cymma Kotoppix Hs ue 3amKuyta ((°), ra. 1). yctb Ha = Mi + Hz. 
Torja cymectByer Bektop a Ha \ Hs. PaccmMoTpHM MofMpoctpaHcTBo 
L 


Hs = fi + {a}. Vo mpeyznoxexnnio | nomyuaem Hs € T(H). Kpome Toro, scHo, 
T 


. = 
To Ha = Mi + Ho = Hs + He. Dlanee, nyctb Hy = Hif|He. UoxKaxem, 
uto H, = Hs(\ He. Iipeanonoxum mpotuBuoe, nycTb BexTop b € (Hs{ | H2) \ He. 
orga 6¢ He — Hs; Kpome toro 6 € Hs, T. e. b = m + aa (hi € M1, % — 4MC- 
0), mpuuem us b « Hy, cnenyer a 0. ITO, OMHAKO, HEBOSMOXHO, TAK KaK H3 
be Hs u (— hi) € Hi © Hs cnenyet, uto (— m +5) € Hs, no (— fi) +b = 
= (— hi) +m + 0a = oa ¢ Hs. Cnenospatenpno, Hif|He = Hs(\H2 = He. 
M3 teopempi |, cueycTBuli 2 u 4 HM JlemMM 7 XH 8 BbiTeKaeT: 
-. Teopema 2. Cywecmeyiom OedeKUHOOsbL CMpYyKmypbl c OpmodonoaAne- 
HUSAMU, NONOAKENLE KOMOPELX CeLeHUAMU He ABAeEMcCA OedeKUNOOBOL cmpyKmy pou. 
. Astop sBbipaxaer OarogapHocTb nipod. JI. A. CkopHakoBy 3a pad Moues- 
HbIX COBeTOB. 
: MockoseKuit rocyapCTBeHHbIM yHABepCHTeT TloctymHu10 
um. M. B. Jlomonocospa 1 II 1961 
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Jloxnaym AkagemMun nayr CCCP 
1961. Tom 138, Ne 5 


MATEMATHKA 


M. B. TIEPTAMEHLUHKOB 
O KOH®HPYPALLMH KOHPPYIHWAN H 


(II pedcmaeaeno axademuxom II, C. Anekcandpocoim 13 I 1961 ) 


B wpeluaraeMod 3amMeTKe paccMaTpuBaeTcA Tapa KOHTpy2HUMH, Xapak- 
TePpH3yeMaA PaCCJIOAEMOCTbIO BCeX ee flO{MHOrooOpasuit, M CTpOHWTCA KOH- | 
cburypauua MeOnyca w3 Takux nap KOHrpysHlun. 

_l. Tlyetb mpsampie MiMe u MsMa onncpipaioT pacciosemyto apy JIMHeH- 
qaTbix roBpepxuHoctel (') uw M1, Meo, Ms, Ma — ananutTuyeckne TOUKM — Bep- | 
(IMHbl KAHOHMYeCKOrO penepa, epHBalMOHHble (PopMyvJIbl KOTOPOrO HMeEIOT BUI 


dM, = (xM, + aM, -- Ms) ao, dM, =(aM,+ yM.-+ Mi) wo; 
dM, = (M,+2Ms-+oM,y) of; dM, = (M, + aM, + tMy) o}, 


npyyem x-+y+2z2+f= 0. 
Bepuiwubl penepa xABjsioTtca P-roukaMu, T. €. TOUKAMM TepeceyeHHA JM- ~ 
PeKTpHC COMpHKaCalOulMXCA (T. €. HMeIOWIMX C KaxKJOH M3 JIMHeMUATHIX T10- ~ 
BepXHOCTeli pacciofeMOH TMapbl COMpHKOCHOBeHHe BTOporo HopsAyKa) crie- 
ILMaJIbHbIX JIMHCHHbIX KOMMJICKCOB C COOTBeTCTBYIONIMMH Jyuamu Mappl. UTo 
KacaeTCA TeoMeTpH¥ecKorO 3HaYeHHA WHBapWaHTOB penepa, TO efO MOXKHO 
YCTaHOBUTb aHaslOrM4HO TOMY, Kak 93TO CfleaHo, Hampumep, B (°). 

OTMeTHM O/[MH UaACTHbIA KaCC pacCJIOAeMBIX Tap JIMHeH4AaTLIX TMOBepx- 
HOCTeH, OMpeeIAeMbIM HaTypaJIbHbIM ypaBHeHuem (x + y)(x + z)= 0. Sta 
apa XapakTepu3yeTcA TeM, 4TO IMHEKUAaTHIe MoBepxHocTH {M1 M3} u {M2 Ma} 
oOpa3y1oT paccoxemyio napy. O6 ucxoqHow nape GOyjem ToBOpHTb B 9TOM 
cnyuae, 4TO OHA flolycKaeT nmpeoOpasoBanve PD. PaccmaTpuBaembld Kwacc 
lap JIMHeHUATHIX MOBepXHOCTeH XapakTepu3yeTcA emule Tem, uTo apa {Mi M3} 
Ww {M2 Ma} qonycKaer mpeoOpa3sopanue PD, npnuem ipeopasonaninas mapa 
copnalaeT C HCXOJHOM. 

2. Ilapy KourpySHUMH, BCe Mapbl COOTBETCTBYIOWIMX JIMHeHUATHIX TMOBepxX- 
HOCTeH KOTOPbIX paccOAeMbI, Ha30BeM 11apoOk P.B TepmuHax TopcoBoro pe- 
Hepa ((?), ra. XIII) napa P onpenensetes cooTHomeHnuaMH of = o; = 

= 02 = 03 = 0,a=b—b' =c=0 xu XapakTepu3yeTcaA TeM, 4TO ee MpO- | 
H3BOJIbHOe nlommHoroo6pasue jlonycKaeTcsxA mpeoOpa3sopanue PD. 

Tlappi H (°, *) apaaiorca uacTHBIM Cryaaem map P vf BbIenAIOTCA M3 Moces- 

HUX ie 
B=p’=0. 


3. B ra. XVI monorpadun (7) ano nocrpoenue Kondurypauuu MeOuyca 
JWiA KOHTpyoHuMA W. OKako 3THM KaCCOM He HC¥YepMbIBaIOTCA BCe KOHTpy- 
SHIMH, LONYCKalollwe MocTpoenve ynoMAHYyTOH KoHdurypalun. 

[lycrb Telepb KonrpysHuHHu {A1A2} u {AsA4} oOpasyior napy P u {A3,A,} — 
MpOUSBOAbHE mpeoOpasopanve JT KounrpysHunH {A1A2} un dA; = 

, oi Ap (i, k a ie 2, 3, 4), rye A, se A, A, = Az, A; ae EA1 + BAe + As, 
A, = P’A1 + Az + Aa, npuyem 
£020 


=B—B, dB + Eoi— nos +B (@;— @3— Ew} — nod) = 0, 
=f’ —B’, dB’ — Eos + nor + B’ (01 — 0; — bot — noz)= 0 
03 — 03 = dé + & (wi — 03) + Bo — B’o3 — Bo — BB’os, 
3 04— 04 = dy + 9 (3 — 04) + p’ @; — Boj — 22 — Pp ‘of. 


ia 
_ TlotpeOopas, Tobi cyuecTBoBasia Takad KoHrpysHHa {B1Bz}, KoTopas 
ABAANACh Obl MpeoOpasoBankeM T Kak AIA KONTpPyIHUHU {AsAa}, Tak Hi WIA KOH- 


Ppysuuun {A, ,A,}, Mlomy4uum 


(*) 


(p—8) (6—6') = 0. (*#) 


Ecam p= 6, To 43 copokynHocTH KOHT py9HILMit {BiB2} BbijemneTcA Ofna 
KoTOpast oOpasyeT apy P c Konrpysnunei (A, WAG 

Ilycth tenepp 6 — b’ = 0. Torga Kourpyauuun {A1A2} u {A5A4} o6paszyiot 
mapy P (mp4 ycaosun, 470 {Ai As} He ABJIAeTCA KOHTpysHiHei W). B stom cuy- 


yae Sere {AsAa} vu {BiB2}, {A,A,} {BiB2} oOpasy1oT nappi P. 
_ Ecam xe 06a CoOMHOXKUTeIA ypaBHeHMA (**) OOpalllaioTcH B HYJIb H KOHTpy3H- 
an {A1As} u AAsAs} oOpasyioT napy H, To 43 ypaBHeHHit (*) cmenyer 


d(A +8) = (A +5) db," 

Te A? = (A,A,B1B2). Monowxus A +6 = 0, NOJYYHM, YTO KOHIpy3SHUHH 
{A3A,} uv {BiB2} o6pasyror napy H. 

. Takum o6pasoMm, Mbl JoKa3aIM, 4TO cyulecTByeT KoHdUrypauna MeOnyca, 
(cocTOAIaA M3 YeTbIpex KoHrpysnuMi H: {A1A2}, {AsAa4}, {A3A,} 4 {B1Bs}, 
Mpw4em Kourpysnuuu {A1A2} un {AsAa}, {A,A)} u {B1B2) oOpasyioT mapbt H. 


TomcKni rocyfapcTBeHHblit yHHBepcuTer Tocrynuio 
uM. B. B. Kyit6pmuepa 10 II 1961 
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MATEMATHKA 


A. . NOJIOBHULKHH 


O JIOKAJIBHO IKCTPEMAJIBHbIX FPYNMAX HW PFPYTIMAX 
C YCJIOBHEM IIl-MAHUMAJIbHOCTU 


(II pedcmaeaeno axademukom A. H. Maavyeeoim 7 IT 1961) 


B wacTosmleH cTaTbe jaloTCA HeEOOXOAHMble H WOCTATOUHbIe YCOBUA, pH 
KOTOPbIX JIOKAJIbHO KOHeUHAaA Ppylina, BCAKaA CUeTHAA KBaSHNOMHAaA Nosrpynna 
(Tr. e. MOrpynna, He HMerolllad HCTHHHBIX MOJpymm KOHeYHOrO WH{eKca) KO- 
TOPOH paspelIMMa HMM JOKAIbHO HHJIbIMOTeHTHA (B YaCTHOCTH, paspeliuMax 
rpynma), yloBnetBopset ycnoBuio Il-muHumabHocTu * (Teopempt | u 2). 

Viapectuo (cm. (')), YTO Ip HEKOTOPHIX WocTaTOUHO OOMIMX orpaHHueHuAX 
Klacc rpynm C yCIOBHeM NpHMapHOH MMHUMAJIbHOCTH (T. e. P-MMHMMAJIbHOCTH 
MO KaxKOMY P) COBMaaeT C KJIACCOM CJIOHHO SKCTPeMaJIbHbIX Ppynn, T. €. PpyMi, | 
B KOTOPbIX KaK]O€ MHOXKECTBO IJIEMCHTOB OJHOFO H TOrO %Ke MOpALKa NopomaerT 
9KCTpeMaJIbHy0 rpynny**. B padote (1) oTMeuasocb, 4TO MHOFHe CBOHMCTBAa CJION- 
HO SKCTPeMAJIbHBIX FPYMM AHAJOPM4YHbI COOTBETCTBYIOINUM CBOMCTBaM CJICHHO 
KOHeUHBIX rpynn. Kak u3BecTHo (*), CMOMHO KOHe¥HbIe Tpymnbl MOryT ObITb 
OXapaKTepH30BaHbl KaK JIOKaJIbHO HOPMAaJIbHbIe Tpymmbl co cMeWaJibHbIMH 
(B cmpicne C. H. UepHukosa) cuuloBckuMu p-mosrpynmamu. Takyto Ke pouJb 
(cM. Teopemy 3) 10 OTHOUICHHIO K CJIOMHO 9KCTPeMabHbIM Tpymnmam urpaiorT J10- 
KaJIbHO 9SKCTpeMaJIbHbIe Tpynnbl (IO KaATbHO 3KCTPeMAAbH ON 
Mbl OYJCM Ha3bIBaTb TpyMNly, BCAKHH 9eMeHT KOTOPOM cosepxKUTCA B HEKOTO- 
poM €€ SKCTpeMaJIbHOM HOPMaJIbHOM JemuTene). B Hactosueh craTbe PopMyJH- | 
PpyloTCA HeEKOTOpble CBOMCTBA JIOKAaJIbHO IKCTPeMAJIbHbIX FpyMM, B YaCTHOCTH, 
[aeTCA yCJIOBHe BJIOXKMMOCTH CUETHBIX JIOKAJIbHO 9KCTPeMaJIbHBIX Ppyin B NpA- 
Moe IIpOM3BeeHHe 9KCTPeMAJIbHBIX rpynm (Teopema 6). | 

1. Teopema 1. Jloxanono Konewnaa epynna, ecskaa cuemHan Keasunor- 
Han nodepynna Komopot paspeulluma UAL AOKAAbHO HUANOMeHMHA, moeda U 
mOAbKO mozda yOosaemsopsem ycAosuro II-muNnUMaAbHOCMU, KOo2da MHODCeCn6O ee 
l-s2emenmos nopookdaem akcmpemaronyto nodepynny. 

CmelcrTraue 1. [lepuoduveckan paspeutiman epynna moeda u moAbko 
moeda yOobremeopsem ycaosuro Il-munumanavonocmu, Koza mHOoKeECMBbO ce T-31e- | 
MeHMOB NoposKdaem aKcmpemanbnyro nodepynny. 

CuexetsBue 2. Keasunoznan paspeuumaa epynna c ycaosuem V1-munu- 
MQAbHOCU paslaeaemca 6 NpAMOe npouseedeHUe noAHott abeaesot Il-epynnoel 
C YCADBUCM MUHUMAAbHOCMU WL Nepuodu4ecKol epynnl, He codepacaiuet Il-anemen- 
moe. 

Onpenenenune. Hasopem Ilneut POM IpOH3BOIbHOH Tpyribl- 
(II — nekotopoe mHoxKecrBo mpocTEIx uncew) mepeceyeHve IWeHTpaJIH3aTOpOB 
Bcex ee I[]-37emenTos. 

OuveBHAHO, YTO CIM B HEKOTOPOH JOKaNbHO KOHeUHOI rpyune © MHOxKeCTBO | 
ee Il-s1ementoB nopoxaer SKCTPeMaJIbHYIO TOArpynny (YTO HMeeT MeCTO, B- 
SaCTHOCTH, JWIA TPYl, YLOBJETBOPAIONIHX YCOBHAM TeopeMbI 1), TO BCe CHJIOB- | 
exue Il-nogrpynnpi rpynmei 6 u ee cbaxTop-rpynna no Il-neHTpy 9KCTpemMaJIbHBI. — 
OkasbiBaeTca, cipaBelIMBo 1 oOpaTHoe mpesom*KeHne. } 


* Onpenenenne cm. B pa6ote apTopa (1), 


rm . o 2 
rt oa Ase ddectbaibe's € pa6otoli (*), Mo sKCTpemMambHOii Tpylnmou MbI MOHHMaeM KOHeuHYyO 
pynily WH KOHeyHOe pacuIMpeHHe aGeneBol rpynnsl C yCOBMeM MHHHMasbHOCTH. 
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Teopema 2. Maoxecmeo Il-anemenmoe aokanono Koneunoti epynno & 
20a U mMOAbKO mozda nopoxKdaem akcmpemanoHyto nodepynny; Koz0a é6ce cu- 
cKue II-nodepynne: epynne& u ee caxmop-epynna no Il-yeampy axcmpemaaonol. 
Cuaenetsue. JoKarexo koneunaa epynna mozda u moaoKko mozda caotino 
mpemMaNbHa, Ko20a éce ee ctLaoscKUe p-nodepynnel cneyuanoHoL UL akmop- 
ynnbL No Kaxcdomy p-YeNmpy aKkcmpemaaonoel. 

_ IIpm RoKasatenbctBe Teopembl 2 ucnomH3y1oTca cmeqyroulne IIPeLJIOXKeHH A, 
IpeAcTaBIAoOUlMe WM HeKOTOPHIi CaMOCTOATeIbHbIH MHTepec. 

| Jiemma 1. /epuoduueckaa epynna aemomoppusmos aKcmpemaAbHolw epyn- 
Wb sKCMpemanona. 

_ Ecwim 9kKcTpeMaJibHaa Tpymna 3fecb nomHas, TO ee nepwomuyeckad rpynma 
IBTOMOP@H3MOB flake KOHedHa (‘). 

_ Jlem™a 2. Kommymanm yermpaaronoeo pacuupenua npouseorvnott epynnol 
wu nomowu aKcmpemaroHot (caotiHo SKCMpPeMANbHOU) epynnel saKkcmpemaaen 
CAOuHO aKcmpemazeH). 

_ B cayuae KoHeqHOoro eHTpadbHOrO pacuIMpeHusA ero KOMMYTAHT JlaxKe KO- 
weuen (°). 

' Jlemma 3. Lexmpaaonoe pacuupenue nepuoduueckot epynnol NPu NOMoLyL 
KCMpeMANbHOW epynnel pasvdeaemca 6 npoussedenue cBoe20 YeHMpa u HeKOMmopoLi 
Kempemaaonou epynnol. 

— M3 TeOpeMbI 2 TOKa3bIBaeT, YTO COHHO SKCTPeMabUbIe Ppynnl 
tapaKkTepu3yloTCs TeM, UTO HX CHJOBCKHe P-NOATpynnbl cnelMabub! Hu cbaKTop- 
‘PyMnbl M0 KaxKOMy P-lleHTpy 9KcTpeMaJbHEI. I’pynmbl, yhoBseTBOp soe Mep- 
sOMY M3 STHX YCJOBHU, paccMaTpHBasiNcb B padorTe (?). EctecTBeHHO BO3HUKaeT 
sompoc O CTpoeHHM Tpyml, yAOBMeTBOPAIONIMX BTOPOMy ycnoBuio. Pemenuto 
oro BOMpoca NOCBANeH CeLyIONMH MyHKT. 

2. Teopema 3. Kaacc caotino akcmpemaronelx epynn coenadaem c Kaac- 
OM AOKANGHO SKCMPEMAAGHOLX epYNN CO -CNeYUAAoHbIMU CUAOeCKUMU p-nodepyn- 
lamu. 

_Caexzctsue. Jaa zokanono akcmpemanonolx 2pynn dKeUBAAEHMNHbL YCAO- 
we npumapHoll muHUMaAcHOCMuU U cheYuaAbNOCMD CULACBCKUX p-nodepynn no 


f 


_ B o0utem eyuae, Kak noKa3biBaet mpuMep u3 (1), 9TH yCOBMA He 9KBUBA- 
(eHTHEL, fake WIA paspelwiMMblx rpynn. 
Bleope Ma 4, LHenmpanonoe pacuupenue nepuoduueckot epynne npu 
OMOLYLL CANOUHO SKCIMpeMaAbBHOU epynnbt A6ALeMCA AOKAABHO aKcmpemarbnoti 
(pynnod. , 
_ AvasorwuHoe yTBepxKeHHe JA WeHTpaibuBIX pacuMpeHnii TIpH -MOMOULH 
MOWHO KOHEUHBIX rpyin OKa3aHo B pacore (°). 
| Cuexctsue. LHexmpaaonoe pacuupenue caotino aKcmpemalonolw epyn- 
Wel NPU NOMOLY4U CAOUHO aKCMpemaAoHOl epynno Aeaaemca caouHO aKcmpemaAD- 
lou. epynnot. 
| Jlemma 4. B 2okaaeno akcmpemanonoti epynne Kaoedaa akcmpemanoHnaa 
lodepynna codepoicumca 6 HeKOMOpOM ee aKCMpPeMAABHOM HOpMaAvHOM OeaAUmere. 
| Tenepb MbI MoxKeM oTBeTHTS Ha BOMPOC, NOCTaBJICHHbIM B KOHWe WyHKTa |. 
| Teopema 5. Gaxmop-epynn: zokaavno Konewnot epynne: © no Kanedomy 
EueHmMpYy aKCMpemMaNoHe: mozda U MOALKO moeda, Kozda epynna © seasemca 
leHMpPAAbHoLM PACUUpPeHUeM Nepuodu4ecKol. epynnol NDU nomoWWL CAotinO aKcmpe- 
WaAoHOu epynnol. 

3. B paOote Xoua (*) ycraHaBIMBaloTCA HeKOTOpbIe CBA3H M@XKLY CUeTHLI- 
M JIOKAaJIbHO HOPMAJIbHbIMM TpynnaMu M CUeCTHbIMM MIpAMBIMH MpOH3BeeHHAMU 
HeYHEIX Tpynn. Okaspipaetcsa, anavlOrMuHble CBA3H CYULeCTBYIOT MEK cuer- 
‘IMM JIOKAJIbHO SKCTpeMaJIbHbIMM [pyllaMH M CYCTHBIMH IIpAMbIMH MpousBe- 
€HHAMM SKCTPeMAJIbHBIX rpynn. JoKa3saTebCTBa COOTBETCTBYIOUIHX MpejJ0- 
S€HHM OCHOBBIBAaIOTCA Ha Tex Ke HeAX, TO H y XoOvWa; pH STOM HCMOMb3yIOT- 
@ semmpl | u 5. 
Jlemma 5. Ecau 6 — npouseoronasa akcmpemarcnas nodepynna epynne: Y, 
ONCUMOU 6 NOAKOE NPAMOe NpOUseeOeHUe IKCMPeMANbHOLX epynn, mo e epynne A 
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Hatidemca maka UKEApUuaHMHasA 6 Het nodepunna N, umo GYR = 1 u dakmo 
epynna Y/M saKcmpemarona. : 

Teopema 6. Cuemnaa aokarbHo aKcMpemManoHan epynna mozda U MoAb 
mozda mooemn Oviino eBloz%eHa 6 NpAMOe NpOUseedeHNUe SKCMPeMAAbHOLX epyn 
Ko20a OHA 6KAAObIGAEMCA 6 NOAHOe NpAMOe NpPOUsbedeHUe IKCMPeMAAbHLX epyn 

Cnuenctsue 1. Pakmop-epynna npouzeorbHotl CdeMHOU AOKAAGHO IKCMp 
MQAbHO epynnol no ee YeHmpy BKAaObIBAeMCA 6 NpAMOe NpoUuseedenue aKcMp 
MQANbHOLX epynn. 

Cnenaetsaue 2. Cuemxan 20KaAbHO aKCMpeMaAbHaAA epynna bes YeNmp 
6KAaObIEAeMCA 6 NpAMOe NpoUuseedeHUe IKCMPeMAALHOLX epynn. 

Teopema 7. Bceakan cuemHaa AOKAAbHO aKCMpemMaAobHaAA epynna us 
MoppHa qakmop-epynne Hekomopot nodepynnel cuemHoeo npAMmOoeO NpoUusé6ede 
HUA SKCINPCMAAbHOLX epynn. 

Bsauy semmpr 1 3Ta TeopeMa BbITeKaeT HeMOcpeACTBeHHO H3 TeOpeMbI 3. 
paodotpr (*). 

Jlemma 6. Ecau 2 — nekomopsilt Hopmaronoli Oeaumenrd CAaotino aKCMpe 
MaAbHOlL epynnol G, Oaa KoMOopoeo dakmop-epynna G/N akcmpemaaona, m 
6 epynne © xatidemca makoli ee aKCMpemMaAbHoLIi HOPMAAbHOLIi Oeaumeros Y 
umo © = MP. 

Teopema 8. Bceakaa caotluo akKcmpemaronaa epynna & rineOcm aa 
6 Bude NpOUsBeOeHUA OBYyxX CBOUX HOPMAAGHSIX Oeaumeseti, KaICOdLiL U3 KOMO 
pox ABANEMCA NPAMbIM NpoUuseedeHUeM IKCMpPeMANoHOLX epynn, Uneapuanm 
Holx 6 &. 

Bayly JiemMbl 6 JoKa3aTeJIbCTBO TeopeMbI 8 MpOBOAHTCA TaK Ke, Kak Ho 
Ka3aTeJIbCTBO Teopemb! 2.4 B padoTe (*). | 

IIpumMeuauue K Teopeme 8. Kak us3zectTuHo (*), BCAKaA CiIOMHC 
SKCTpeMaJbHad Tpyliia CdeTHa H ABJIAeTCA NOApynmow HekoTOporo mpxAmMor 
IIPOH3BeJeCHUA IKCTPeMaJIbHBIX Tpynnm. ABTOpy HeH3BeECTHO, CIpaBeluBO J 
IIpeIOmMeHHve TeEOpeMbI 8 WIA MOObIX NOALPYNM CUeTHHIX MpPAMbIX NpOW3BeeHH! 
SKCTPeMAJIbHbIX Tpylitl. | 

Axstop BbIpaxkaeT rayOoky1o 6aroqapHocTs C. H. UepnuKosy 3a py KOBOR 
CTBO HacTosuleH padoToH. ) 


Ilepmckui rocyJapcTBeHHbI yHHBepCHTeT ’  Tloctynnao 
um. A. M. Toppxoro 3 II 1961 
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Jlokauayp AkaeMun HayRK CCcGp 
1961. Tom 138, Ne 5 


MATEMATHKA 


' 
x 
hy 


Jl. B. NOTATANJIO 
O THNE CKJIEMBAHHS MOJIOCbI 


(IT pedcmasaeno axademuxom M. A. Jlaspenmeesvim 1 II 1961) 


1. B nacroatleli 3ameTKe yKa3aHbl KpHTepHu MapaOouM4yecKoro THNa CKJeH- 
‘paHHA Mo/och, Walollwe ycuseHHe pesyAbTaTOB, TowyyeHHHIX B (", *). Ilyctp 


x = g(x) — HenpepbiBHo udpepenApyeMoe TOMNONOrMYeCKOe COOTBETCTBHE 
“M@KLy TOUKAMH PpaHHYHEIX MpAMbIX MosocH S: O< yal om t< co 
B HlocKoc™m z= x + iy, JomycKaiollee BMOmHe ONpeseteHHOe KOHOpMHOe 
“cksleuBannue (*). PyHKHMIO g (x); KaK 9TO IIpHHATO, HaSbIBaeM (pyHKUMeH CKJeH- 
‘Banus, aS c yKa3aHHbIM COOTBETCTBMeM Ha rpaHulle NOHHMaeM Kak HEKOTOPYI0 
‘pumaxosy nopepxuoctb S (g). Ilpeqnomoxum, 4TO dbyukuua w — T (z) mpous- 
‘BOLUT KOHOpMHOe 3akseuBaHHe S (8), MpeoOpa3syA mWocweqH1O B OOACTb, 
— omwoaucTHo Kpyr |w|< R < oo Tak, uTo T (x) = T [g (x) i]. 
Torga S (g) Ha3bIBaeM NOBepXHOCTbIO NapadoMyecKoro WIM rumepOolH4ecKkoro: 
‘Tuna B 3aBHCHMocTH oT Toro, OyneT WH R = oo HH R < oo. SamMeTuM, 4TO 
ecuu g1(x) WU go (x) — ABe (PyHKUMH CKJeMBaHHA NOVIOCHI, YAOBeTBOp AIOE 
qla BCeX X YCJIOBHAM 

‘ 

| soa ear )<k, la) —a (9 |<K, (1) 

B(x) & (*) 


“rae K — noctosHHas, TO MOXKHO MOCTPOKTb g-KBa3HKOHPOpMHOE OTOOpaxKeHHe,, 

KOTOPOe MepeBoAUT 3ayayy Ha CKJeMBaHHe S Cc (byHKIlHeH CKeHBaHUA 1 (x) 
“B 3ajlauy Ha cKlevBanne S c *yHKiMelt CKeHBaHHA ge x). B 9ToM culyyae THT 
S (g1) u S (g2) OHH M TOT Xe. 

2. Ilycth (x), g (x) > 0, — HenpeppiBHan KYCOUHO-JIHHeEHHaA PyYHKUA, 
“ollpeseseHHad IA BCeX Xx & (— oo, oo) M TakKaa, 4¥TO: a) MHOxecTBO M adciyucc 
“ToWeK pa3pbIBa q(x) HMeeT eCAMHCTBeHHYIO lpejeJIbHyl0 TOUKY B oo, MpHeM 
‘ana x’ CM p(x’) = g(x’); © Mpa Bcex x Aa P(x) Ug (x) BbIMOJIHAIOTCA 
‘ycnopua (1). Okon4aTerbubiit BbIOop @ (x) Mbl YTOWHHM H¥DKE. O603HauHM 
Bix.) = M(\I0, co), x = 0, te < trp, R= 9, 1,2,-.., 4 Yn — MPAMOJH- 

Helinble OTpe3kH B S, CoeMHAIOWUIMe TOUKH X;, HP (<4) et == Op. et. Liycre- 
‘{B,} — YeTbIpeXyrOuJIbHUKH, KaxK bli H3 KOTOPbIX OrpaHHyer MapOH OTpe3KOB 
Yn. {hi UW OTpe3KaMM TpaHHUHbIX WpAMbIX S, 3aKJIOUeCHHBIX Mexay HuMH. Ilo- 


co — 
WaraeM fly = Xni1— Xn» Mn = Pris — Pr ¥ So = U By. Moxysab » JBYCBA3- 
k=0 
Holi O6z1acTH So (~), KOHCOpMHO 9KBUBaTeHTHOH So c PyHKUMeH CKeMBAaHUA @(x), 
" oueBHHO, CBA3AH C Mofysem uacTH So (g) moBepxHocTH S (g), Momyyaemolt us 


“Hee yJlaJleHveM HeKOTOpOrO Kpy#XKa, HepaBeHCTBOM xP < p [So (g)] < Kp. 


970 caeqyeT u33aMeyaHuA mt. 1 mu BEIGOpa @ (x). Iyctp {B,}=Mi|JMez, THe 
‘Ni = M[B,, max (m/n;,, n/m) >1 +6] AM = M®M [B,, max (m / nr, 
np, / Mr) << 1+ 6], 5 >0. aa Kaxgoro By EM (pagqM MpocToThl olyckaem 
HHJeKCbI) c BepuIMHaMmH a, 0, c u d (cM. puc. |, I]) ykaxKeM KBa3HKOHOpM- 
Hoe CKulevBaHMe, KoTOpoe MpeBpaliaet ero B KoNbUO. IIpoxomKUM OoKoBbIe 
cTopoubt By mo Mepeceyenun B TouKe o. IIpeqnomarad, YO. yron Mpy 

 BepuiuHe O Mad, OyyeMi pasiMyaTb [Ba Cyan: 1) |n/2—8|<% w 
/2) |a/2 —8|>60>0, roe 8 — yrom mpu BepuinuHe c. B cayuae 2), cauTaa 

/ Jia onpefetennoctu, uTo bc >adut < a /2—o, 3adpHKcHpyeM Ha CTOpOHe 

J dc TOuKM pi U pe TakHe, 4TO bp1 = bc u ob = ope. 
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MoxKHO HOCTpOHTh KBa3HKOHMOPMHOe oTOOpaxKeHve T = jy, (2), MepeBora- 
ilee TpeyroubHUK pibc Ha TpeyroJIbHUK pibp2, KOTOPoe OCTAaBJIAeT CTOPOHY P1 
HeEMOBHKHOH, tp (C) = p2, HM MMeeT TOCTOAHHOe paCTAKeHHe B TOUKAX CTOPO 
HbI bc. TaK KaK B YKa3aHHbIX TpeyrOJIbHUKaX YIJIbl Ip BepuiMHe b yOBJeTBO- 
pa1oT ycsoByio min (9’, 0”) > 60, To xapakTepucTuKa sToro oToOpaxkeHuA 
pi(z) < Ki, rae Ki 3aBucut TobKo oT 0 u Ki (8) — oo mpu 8 — 0. Ilyctb Te- 
nepb gi. HM g2— TOUKM Ha cTOopoHe ab Takue, 4uTO ad = dqi u od = Oqz, a 
T = Xn (2) — aHalloruynHoe KBa3HKOH*OpMHOe OTOOpaxKenHe,  epeBoymulee 
TpeyrouIbHHK adqi Ha TpeyrouIbHUK gedqi. \Ipu 3TOM cTopoHa dqi ocTaeTCA He- 
MOABUKHOH, Yn (a) = ge u | Xe? (2) |= const B TouKax cTopoupbi ad. Ilo Tem xe 
cooOpaxKeHWsAM ero XapakTepH- 
cTHuKa Dac )ances rye 
Ke (9) - aM me mpu §—+0. Pyuk- 
nua t = fi (2), fer (2) = re (2) 
maa 2 € Ay = (pr be), fr (2) = 
= Yu (2) naa z € Ay = (adqi) 
UM fp (Z) = 2 WIA OCTAIbHBIX 
Touek B,-, peaslu3yeT KBa3H- 
KOHOpMHOe oOTOOpaxeHHe By, 
Ha UYeTHIPeXyroJIbHuK By = | 
=(q2dp2b) cKycouHO-HelpeppIB- 
HOH XapakTepHcTHKOH p (2), 
p (2) < max (Ki, Ke). Tlycts | 
01 WM 02 —rlayKve *kopjaHo- 
Bble ZyrH B By Cc KOHILaMH B 
TOUKaX gz, d HU pe, b, cooTBert- 
CTBeHHO, pa30uBaroulMe 5, Ha 


4 o6lacTH Br Bye u 
o oe ‘ Aa’ 

BuN\ (Sr UB). BetOupaa 1 

Puc. 4 M62 TaK, YTOOL yrub, KOTO- 


pble OHH oOOpa3y1oT c oTpes- 
KaMH ged uM peb, maa Bcex R’ 
ObWIM He MeHbIe HeKOTOpOH  MOMOKUTeEMbHOK NOCTOAHHOH, NpHuem 
= O (qod), 52 = O (pab), nerkKo MOCTpOuTb B By NONOMHUTENbHY1IO q-KBasH- 
KOHOpMHYIO Jedopmanuio tt = ¢ (st), KoTopad B By\ (Sy|JBy) copmagaer 
C TOXKJECTBEHHBIM MpeoOpasoBaHHeM, a BHYTPH Dz HW Bp MepeBowUT c MOCTOAH- 
HBIM PpacTs2KeHHEM TpaHHUHble OTpe3KH gad u p2b B Ayr OKpyxXHOcTel payMycos 
od vi Op cooTBeTCTBeHHO, C OMOLIbIO CyNepnosHHH w = fh (t’): KoHcbopMHOTO 
cKaTUuA C KoapuuneHTtom 1/ob, morapucbma HW Wedol wHHetHol byHKuMH nepe- 
XOJMM K BepTHKaJIbHOMY IPAMOYFOJIbHHKy Gy B MIOCKOCTH w, w = u + iv, 
€MHHYHOK BEICOTHI H OCHOBaHHeM (Up, Up-41). [lpeo6pasoBanve w* = exp (27w) 
MpeBpaliiaeT Gy B Kobo. YkKa3aHHOe CKJeHBaHHe coxpaHseTca mp 9 < 
< m/2 — Oo, bc < ad, a Take mpu 8 > an/2 + Oo, bc S ad. Bo pcex cnyyaax 
CIMHa OCHOBaHHA IIpAMOyroJIbHuKa G, KaK MOKa3bIBaeT 9IEMeHTapHbI NoL- 
4eT, yQOBJeTBOpAeT HepaBeHCTBY 


be Silk [max (17p// Myr, Nye / Myr) — 1] min (Mp,, Mp) 


Ey aa rye K —noctosuuas. (2) 
min (7?,, Via In max (ftps | Nyrr Nye | Mp) 5 


PaccMoTpmM Tellepb catyuait 1). Ipeqpaputenbuoe KBa3sHKOH(opMHoe Mpe- 
oOpasoBaHHe mei ) 3ecb ONpeqeisemM Huate. IIpeqnonaraa, uto 1/2 — 90 it 
<9<n/2, ad<dcubc>ad, ormerum ua CTOpoHe aé TOUKy pi, pib = be, 
M TlepeBeqeM KBaSHKOHPOPMHO C MOMOLLbIo *yHKWMU Tt = jp’ (Z) TpeyroubHuk 
p,oc Ha TpeyroubHUuK Pipec (puc. 1, //1), rye p, — TouKa, Aexalllad Ha Mmpo- 
QOMKeEHAM CTOpOHE ab, Op2 = oc. Sto oToOpaxkenve BLIOHpaeM Tak, 4YTOObI CTO- 
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yponni bc. Tak Kak YIvIbl S3THX TpeyTO/JIbHHKOB PaBHOMepHO OrpaHHXenbl 
W3y MOMOKATEMbHOH MOCTOAHHOM, TO “tue (2) — g-KBa3ukonopMHoe oTOOpa- 
seuvie. SaTeM B Tpeyrou/buuke adq, olpeseAeM g-KBasHKOHpOpMHOe OTOOpaxke- 
Me ¥, (2), NepeBosatiee CFO Ha TPCYPOMbHHK Aqoqy, THe qi H zg — TOUKH, Jle- 
allie COOTBETCTBEHHO Ha dc u od, ao = og2 vad = dqi. V1pu 9ToM cropona aqi 
craeTcsa HerlogBMxKHOli, %~ (d) = qo U | xx (2) | = const B ToYKax cTopoHEr ad. 
lonaraem Tellepb FAlepe(eyo Min’. Ze Ay = (pibc), fe (2 = yw (2) aan 
€ Ay = (adq) 4 fx (2) = 2 WIA octanbubix ToueK. JarbHeliume lpeoOpaso- 
aH Te Ke, UTOUB caly4ae 2). [IpuBcex BO3MOX*KHBIX 3feCcb (opMax MCXOJHOrO 
THIPeXYFOIbHHKa By OlleHKa A AIMHbI OCHOBAHUA dy Ta Ke, 4TO B (2). 
| Tlycts Gy — upaMoyroibHHuK, KOHOpMHO SKBMBAJIeHTHbIM Byrn € M2, eMH- 
AUHOM BbICOTLI, OCHOBaHHeM (Up, Up’41) WM C TOMRKJECCTBEHHbIM COOTBETCTBHEM 
Wy TOUKAMM TOpH30HTaMbHBIX ocHOBaHuii. MoxkeM CHHTaTb, TO BCE 
+, Ger} = {G,} 3aNOIHAIOT ORHOMMCTHO TIpAMOYTOJIBHUK Rene =< 60, 
p< u < 1, WM ¥TO Mexy TOUKAMH MIpHMbIKaIOIlMx CTOPOH KaxkJOH Mapbt Ips- 
fOyTObHHKOB Gz U Ger, R= 0, 1, 2,..., ycTaHOBMeHO rOoMeoMopHoe Co- 
sercTBHe. [loctaBUB B COOTBETCTBHe KaxKJOli TOUKe Uz, WHTepBa (Ug, Uz), 
PE (Up, Urrils THE (Ux, Uey1) — OCHOBaHNe Gg, olpeestuM KBa3HKOH@opM- 


cKeuBaHve {G,}, BHe IpAMOYFOJIbHUKOB G; = {U & (tp,t42), 0 € (0, 1)}, 
ylecTBeHHOe, a BHYTpH — KBa3HKOH(opMHOe, COXpaHsAlolltee aOCIHCCbI TO- 


oe 


r Tlonaraem J, = |) (ue, we). Ilycth w = H (2) — pesyabtupyromlee ro- 


k=1 e 

soMopHoe oToGpaxenue So Ha R, KBaSUKONOpMHOE C XapaKTepHCTHKOH 

(). Ecam R, = {w€ (0, Unti), vE (0, 1)}, To, mo npunnuny [pétura, 
n 


i 


“” 


k’ 


bo S) v (GaN G,) uw, caenosatenbuo (*), 
7 = 


Up ty d x ‘ d 

u \ 1 x 
SBS D2 5 re rca (3) 
(k’) “0 \ Pa s ws \ Thi S 


Up’ 


5 

4 Ty ry 

Snecb [, — BepTUKaJIbuble oTpeskH B Gy CR, a dn u ds — 91eMeHTbI HOpMa- 
ww mann xyru na Ty. Cevenue TP, copnagaer c MpAMOJIMHeEMHEIM OTpes- 

kom p By, COCMUHAIONIMM TOUKH x H (x) + i; dn’ u ds’ — 3JIEMeHTbI HOpMaJIN 


4 Us 

M qauubl fyru Ha Ty, a (Xe, Xp”) — OCHOBAHHe UeTbIPeXyrOJbHUKa, OOpaso- 
BaHHoro Bcemu oTpeskamu T, @ Ber CH™ (Rn, AA KOTOPBIX 1 ee ee Cg NO 
Ha taxom orpesKe (puc. 1, /) umMeem 

- 


dxjdn’ <V1-+le@—aP {1+ |e] }. 


ce” min (dx, dq) 
. , 4 
Teor (4) 


ce” dx 4 
> | eas > zd \ 
(R”) eZ aa S (R”) 
prc ote 
Tax xax wal, du/dn = 1,10, nonaras Ty = Tu H (Ae Uae USe UB), 
(imeem Ha T,C Gy \ Gy: ae 
(w) Fas = | p(w) St ds + \ mas<i+t\ Bese ci 
- : ‘ r 


TyuN Py u 


x 


” 
> 
hk? 

£4 


Ty 
ockombKy |dh/dt* |< ne TO 
\P (w) ds < max (K; Ko) \ ds < K max (Ky, Kz) max (mmx, Ne’), 
Ty Ty 
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rae K—woctosHHas, He 3aBHcslllad oT BbIOopa cevenus T,,. CueqopatTesbHo 
mipaBas YacTb B (5) paBHOMepHO OrpaHnyeHa IPH MOAXOMAIMLEM BbIOOpe PYHK 
nun @(x). V3 (3), (4) cnenyer Tora HepaBeHCTBO 

Up ty x Es 


; i min (dx, d@) 
With) ek 2s \ du + sah 1+ [9 (%) — xP 2 OI 
Up Rit 


Ilyers (x) BplOpana tak, yTo KoueOanue | + [p(x)—x]? Ha KarKZO 
HHTepBaule (Xp, Xe+1) HE Mpepocxonut K=const wu WH Bcex.xEG(— oo, co 


cl $lo@)—xP<14[g@)—xP<K+le@)—s9). 
Torna u3 (6), (7) uw (2), yaHTbIBax, 4TO 


min (vz, Ye+1) = min {1 + [@ (x) — Xe]?, 1 + [9 (Xet1) — Xe} 
M YTO pacTsrKeHHe OTOOpaxKenua H(z) NocTOMHHO B TOUKAX POPH30HTAJIb- 
HbIX OCHOBaHHH By, MOysaem | 
ip max [g’ (x), 1/g’ (x)] min(dx, dg) , ( min(dx, dg) § 
a lacbin {\ wai inmaria@), tec + \, t+ eG) 3 pote 
En En 
rye w(x) = g(x)— x, Beth ix. max (Q’, 1/o) >1+3/0h* ee 
EL =E [ty max (OC 1/ gp) = lola (Rn); a &, 3aBHCHT OT BbIOOpa 
n Upwyem lime, = 0 npu mes/,— 0. Cymma uaterpasoB B IpaBow yacTH (8) 
C TOUHOCTbIO JO CJlaraeMOro, paBHOMepHO OrpaHHYeHHOrO IpH N—>oco H 
3aBHCAMerO TOMbKO OT BbIOOpa P(X), CoBMawaeT C CYMMOM HHTerpaJiOB TaKO- 
rO K€ Ba, B3ATHIX TO MHO?KeCTBaM Gn =6 |x, max (g') l/g ole 
(\H* (Rx) uw 82=8[x, max (g’, I/g’)<1+6](\H™ (Ri). Tepexoas 
Klipellety npun— con 3ameyas, utolimu (Rp) =p(R), MpHxoquM K culepy10- 
WleMy YTBep2KJeHHIO. 
Teopema. Jaa napaboauueckoeo muna S(g) Oocmamouxo pacxodumo- 
cmu no Kpatineti mepe OOHO2O U3 UNMeepanoé’ 
\ max (dx, dg) \ min (dx, dg) 
) + ()] Inv (x) ? z Minin np? (x) 


2de p(x) = g(x)— x, v(x) = max(g’, 1/g’), a 6’ u 6” mnooKecmea, Ha KO-' 
mopolx coomeemcmeeHHo v(x) >1+6 u v(x)<1+6, 6>0. 
Kak culeqcTBHe 3TOM TeopeMbI Noyuaem pesysbtat JI. MW. BomKoppicKoro. 
Cuaeactsue 1. Jaa napaboauueckozo muna S(g) docmamouno pacxodu- 


loo} 


* min (dx, dg) 
MOCMU UHMeepaaa aa Gaara Yeh Gao 
P \ T+ P(x) 
0 


CueactBue 2. Iycme g(x) makoga, umo w(x)<O(1). Toeda das 
napaboaureckoeo muna S(g) Oocmamouno pacxodumocmu no Kpatinett mepe 
OOHO20 U3 UNMeepanoée 


\ max (dx, dg) , \ min (dx, dg). (9) 


a Inv(x) f 


2 
« 


OTMeTHM, ¥TO B yCJIOBMAX CuencCTBUA 2 CyuleCTBYyIOT (PyHKILHN, NpUBOAAULMeE 
K rumepOouuyeckomy TuITy S (g). BMecre c TeM HeEH3BeCTHO, ABJACTCA JM B STOM 
Cilydae OJHOBpeMeHHaA CXOJMMOCTb MHTerpasosn (9) AocTaTOUHbIM yCJIOBHeM 
runepOomuyeckoro Tuna S (g). 


JIbBOBCKHH ProcyapcTBeHHEIi yHuBepcuTer Ilocrynusto 
uM. Mpana ®panKo ~25 1 1964 


UHMTUPOBAHHAA JIMTEPATYPA 


1 Ji. H. BoakospnecK ut, Marem. cOopn., 18) (62), 285 (1946). 27 Ru Neva ge 
linna, Ann. Acad. Sci..Fenn., Ser. AI, 122 (4952). JI. V4. BouwkoBpuckun, YxKp. 
MaTeM. *KypH., 1, 39 (1951). 4 JI. B. Totaratiao, Yxp. matem. *KypH., 5,459 (1953). 
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Jloxrxaye Akagemuu nayrx CCCP 
1961. Tom 138, No 5 


MATEMATHKA 


A. Tl. CABHH 


) O PA3BHEHHAX COBEPHIEHHO HOPMAJIbHbIX IIPOCTPAHCTB 
r (IT pedcmaeaexo axademuxom IIT. C. Aaekxcandpossim 16 II 1961) 


' 8B wactostlei padore o6oOmaetca NOHATHe pasOHeHHA aHHOrO pocTpaxcr- 
Ba X ero 3aMKHYTHIM MOAMHOxKeCTBOM A H BBOAUTCA SKBUBAJIEHTHOCTS OOOOIIEH - 
HbIX pasOveHuii. Bo MHoxecTBe MOJuJyualoONlNXcH KJaCCOB 9KBUBaJIeHTHOCTH 
ge rpynnosad onepannsa. JoKaspipaetca ,YTO NOCTpOeHHble PpyNMbl ecTectT- 
@HHO H3OMOpPHbI KOPOMOTONMYeCKHM TpynmamM mpocTpanctBa X. 
» 1.Pas6ueuua nopsaaKak. Ilycts X — Tonomoruyeckoe mpoct- 
paHcTBo. QneMeHTaPpHbIM pa30ueHHEM MpoctpanctBa X Ha- 
30BeM pe morchit yo TpoHKy MOAMHOXKecTB 3TOTO MpocTpaHcTBa @ = 
= (A, U,V), cocTosulyio 43 3aMKHyTOrO MHOxecTBa A H OTKPbITbIX MHOXKECTB 
Uu V, one TeM CBOHCTBOM, ¥To U(\V = ¢, UV = X\A. 
YnopsqovenHy1o apy o° = (B,C) 3aMKHyTbIxX MOZMHOXKeCTB HEKOTOPOrO 
Mpoctpanctsa Y wa3opem pa3O0HeHHeEM TOpARKA HY AbD Mpo- 
@rpauctsa Y, ecu B(\C = ¢, BUJC = Y. 


IlyctTb 3ajano k 21emeHTapHbIx pasOnenun a; = (A;, U;,V;), i = 1, 2,...,R, 

k 
Mpoctpauctsa X u pa36ueHuHe (B, C) nopayKa HYb MHO*KEeCTBA si . B 3Tom 
Ciyyae YMOpAROYeHHYy!I0 COBOKYMHOCTb oO” = (a1, . . ., a, B, ‘ai MEI oe Ha- 


SbIBATh PASONECHHEM HopaARKak ipocTpaucrBa Ge 

2. Km@acch SKBUBaMeHTHOCTH. JBa pa3OHeHHA HopayKa k 
Mpoctpanctsa X Ha30BeM 9K BUBAICHTH bIMH, eCJH CyllecTByeT Takoe 
pasOvenne MopsyKa k tpoctpanctsa X x /, rme J — equnu4uHblit oTpesok [0, 1], 
4TO Ha BepXHeM OcHOBaHHH X X1 OHO CoBMayaeT C OJHUM H3 3a],aHHbIX pasOue- 
HMM, a Ha HWKHeEM OCHOBaHHH X X0 — c ApyruMm. BBeeHHoe NOHATHE SKBUBA- 
JICHTHOCTH, OYeBU AHO, pedIeKCHBHO, CHMMeTpH4HO UM TpaHsHTHBHO. MuHoxKecTBo 
BCeX KJlaCCOB 9KBUBAJIEHTHOCTH pa3sOneHHit MopaaKa k mpoctpanctBa X o6o3Ha- 
gum yepes p*(X). 

MyHKUNH KH pazsOuneuua. B nactosmel padote MpocTpancr- 
Bo X lipeqmolaraeTcA COBepWICHHO HOPMAJIbHbIM, T. €. OONaalOULHM TeM CBOHCT- 
BOM, 4TO J1000e efO 3AMKHYTOe NOAMHO*KECTBO HMeeT THI Gs. OCHOBHBIMH CBOIi- 
€TBaMH COBepUIeHHO HOPMaJIbHOFO IIpOCTpaHCTBa, HMCMOAb3yeMbIMH B HaCTO- 
ler paoore, ABJIAIOTCA CJleyroulHe: 

Cpouetso3,l. Hyctrs A u B — 3amKuytTpie MHOKeCTBAa NpocTpanctBa X 
iM A{}B = ¢; Torga cyulecTByeT Ha poctpauctsBe X JelCTBHTebHaA Helpe- 
[ppiBHas dbyHKuna f (x), yqopmeTBopstomlad ycsoBuam: f (x) = 0, ecau x € A; 
fee) wl wecin x6 B:.0 <— f(x) < 1, ecan x6 X\ (AUB). 

CBpotertso 3,2. Jina toro 4uro6bl mpoctpancTtBo X ObiWwio COoBeplieHHO 
HHOPMaJIbHbIM, HeOOXOAHMO HM JocTaTOUHO, YTOOBI HO oToOpaxkeHHe Mpous- 
‘BOJIbHOTO er aeurero MHOxecTBa A (_ X B ciepy sa PSIG YOR rpaHi- 
ueii mapa 7”, MoxHO OblIo MpoxomKUTS 10 oTOOpaxenusn F: X — T", o6na- 
jollero Tem cBoiicrBom, uto Fo (S*~!) = A. 

Toka3sateabertso. JfoctaTounoctb cileqyeT 43 TOrO, YTO Mpoobpas 
pM HelpepbIBHOM oTOOpaxKeHHu F MHOxKecTBa THIa Gs B CBO! OYepeb ABJIACT- 
A MHOXKeCTBOM THMa Gs B OTOOparKaeMOM IIpoOcTpaHCTBe. 
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Jloxaxem neo6xomumocts. Ilyeth Fi: X — T° — nekoTopoe nposomKe 
Hue oToOpaxenua f: A > S** (Takoe'cyulecTByeT, TaK Kak MIpoCTpaHCcTBO 
OUeBHIHO, HOpMavIbHO). Ilyctb gasee —P (x) (0<@ (x) < 1) — AelicTBuTeIbHA 
HelpepbisHas (pyHKUMA Ha MpoctpanctBe X, OOJaqaloulad TeM CBOHCTBOM, 4T 
@ (x) = 0B TOM HM TOMbKO ToM caly4ae, ecmu x € A. Ilyctb O — nenTp mapa i 
paluyc KoToporo 6yfeM CUNTATb paBHbIM eqMHMMe. OOosHauHM Yepes I’, romote 


Tuo Wapa 7” C yeHTpoM O u Kosbunnentom A. Torga oTo6paxenue F: K Ta 
ompenemeHHoe (bopmysoli F (x) = Tye) (F1)(x)), x € X, OYEBHAHO, HeTpepbiBHE 
WM YOBIeETBOpAeT YCJIOBHIO. 

Ilycrp f (x) — nempeppiBHaa yHKUNA Ha NpoctTpanctTBe X,; .paccMoTpuN, 
MogMHomectBa A; = (x|f (x) = 0), U, = (x|f (x) > 0), Ve = (x|F (x) < OF 
mpoctpanctsa X. Kak serko BueTb, TpolKa a; = (A;, U;, V;) MpemctaBssae 
coOolt suleMeHTapHoe pa3OveHhe IpoctpaHctBa X, KOTOpoe MbI Ha30BeM 3JIeMeH 
TapHbIM pa3OHeHHeM IIpocTpaHcTBa X, NOPpOKACHHEM PYHKH Hed || 

4,.CpohcTBa pa3s360uveHHH. Ecau 3afaHa HeKOTOpad COBOKyNy 
HOCTb pasOveHHi {0%} nopsyKa k mpoctpanctsa X, rye z —- HeKOTOpbIl HHAeKCh 


COOTBETCTBYIOLNHH CbHKCHpOBaHHOMYy pa3OHeHHIo, TO YCJIOBHMCH 3allHCbIBaTE 


pasOvenve of B Buse (ai, .. ., af, B*, C’), rue af = (Az, U7, Vj). 
Cpotcrtso 4,1. Ilycth of u of — mpa pasOvenun NopsgKa k mpoctpaul 


eta X mw myeTs:-A; CA} UP D> U2, Vi Vii = eee Be 
Ct C*; torga pasOvenus] of u of SKBMBaJeHTHHI. 
JleicTBuTeIbHO, pacCMOTpHM B WpoctpaucTBe X X/ 3aMKHYTbIC MHOKECTBA! 
A; = (A?XN UA}, B = (B!x DUB, C= (Cx NUC u orxpprrie Maoxect 
Ba: U1 = (U;XI)\ Ai, Vi = (ViXD\A;. JlerKo Bunetb, 4To a; = (A;, U;, VA 
ABIAIOTCH SICMCHTAPHBIMH pasOHeHHAMM MpoctpancTBa X X/, a o* = (a, . . 
.., Og, B, C) aBaneTcA pas3O0veHvem NopayKa k mpoctpanctBa X XJ, ycta 
HaBJIMBalOWIMM SKBUBAJICHTHOCTb pa30MeHHl of u Os. 
CBpolictso 4,2. Ilycrb qano pasOvenue of nopagka k npoctpanctsa X, 
M MyCTb 3ayana OKPeCTHOCTe O (B') muoxectsa Bt; Tora cyllecTByeT Takoe 


pasOuenue o* ~ of, uTo Ae) (ALOV OB). 


JleucTButTembHo, myctb W (B*) — oxpecTHocTb Myoxectsa B!, smexatlaa 
BMecTe CO CBOMM 3ambikanHem [W (B')] B O (B+) (Takasa oKpecTHocTb cyulecT- 
Bye€T B CHJly HOPMaJIbHOCTH MpoctTpauctBa X). OnpefzemuM pas6neHve of Tops 
Ka k mpoctpancrsa X, nonoKus A; = A;G, U? = U:\:G, Vi =Vi\ G 
B= BY, = CCUG, roe G = (X\ W (B)). Ilo caonersy 41, o; om 
PasOnenve 0”, B KoTopom A; = AIX, ®, U; = U]U®, Vi = Vi, Bee 
C=C &,0=X\ IW (B')], B cuny cpolictBa 4,1, skBUBameHTHO pasOue 
HHIO Of, Ce MOBaTeMbHO, NO TpaH3sHTHBHOCTH, of ~ of HM, lO MOCTpOeHHIO, YOB 
JIeTBOpAeT TpeOyeMoMy ycJIOBHIO. 

CBouctTso 4,3. Ilycrh o* — nexoropoe pasOuenue nopsaKka k mpo4 
cTpanctsa X; F — l1pov3BOJIbHOe 3aMKHYTOe MHOxKecTBO U3 X u | <igkj 
Torga cyllecTByeT pasOuenve Citat oOulaqaiollee TEM CBOLCTBOM, UTO Ob, Fy~ 
oF Ind{AY PF) <indiP Silo are eeauen eee | 

HeiicTBUTeJIbHO, JerKO BUJeTb, YTO 6e3 OrpaHHYeHHA OOMHOCTH MOXKHO CUM 
tatb, uTo [U;](\IV.] = ¢, Torga 3amKnyTHe MnomectBa F(\(U,] u FO IV; 
MOryT ObITb OTJeNeHbI B F 3aMKHYTBIM MHOKecTBoMD, npuyem IndD < Ind F—1. 
Moctpoum na FULU;|UIV;] xeicrautenpuyio hynKumo @ (x), o6slagatouLyt0 
TeM CBOHCTBOM, 4TO ® (x) = 0 B TOM H TOJIbKO TOM culyyae, ecu x 6D, @ (x) = 
upH x €[U;,] u @ (x) =—1 npu x €IV;]; 370 BosmoxHO no cBolicTBy 3,1, 
Ilyeth / (x) — npogomKenne cbyukuun @ (x) Ha Bce mpoctpauctso X; Torna} 
SJeMeHTapHOe pa3sOneHHe G;, MopowyeHHoe dbynkuueli f(x), oOmaqaeT Tem 
cpolictBoM, uT0 A; A;, U;D Ui, Vi DV, As F =D. Monomus af) = aj, 
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RE i, F i, F 
CIM: fei, a; "'=a,, BY?) — BARON Tze Cf\A;, nowyuum pas6ue- 
%;, zy» KOTOpoe, No cBorictsy 4,1, 9kBUBaneHTHO o* UM sABIAeTCA UCKO- 


5. TpynmnoBagsz onepanua. pynnopas onepaua BBo_UTCA BO 
MHOxecTBe p*(X) Ha ocHoBe cwlenytoulefi seMMbr: 


Jlemma 1. [Tycme Ind X =nu nycmo sé u s* — dea saemeHma mHoocecm- 
ga p*(X), npurem k > (n + 1)/2; mozda Hauoymca 6 KAACCAX s* u s* pas6ue- 


24 saiggil k k 
k k P Tienes Aah 1G 
HUA Oy U Oy, OO2adaHoU4Ue mem ceoiicmeon, umo (J (At) V1) Q UJ (A28UV) = g. 
t=1 t=1 
Be slokasatenbecrTso. Ilycrs of wu of — npousBombuble pasOvenus 
43 Kuaccow s* u s*, cooTBercTBenHo. IloculeqoBaTesbHO IIPHMe€HAA CBOHCTBO: 


4,3, Jerko Nowy4uTb pas6uenna of. of, oOuaaloulue TeM CBOHCTBOM, 4TO: 


4 ss = Rk — R 7 
|) Ind Aj < n—1, IndA} Qab<n—2,..., Ind) A;<n—k, Ind(f Ad) 9 
. i=1 
; = eo k— 
1 At<n—k—1,..., Ind(Q A} N(n At) <n—2k<K—1. Caeqosatenpuo, 
=. — — anes it Taye 
»(B* UC’) 9 (B? UC?) = ¢. Tem 6onee, B11) B? = H, TaK Kak MIpocTpaHcTBo 
_X HOpMasbHO, To cyulecTBy1oT HemepeceKaroulMecsa OKpectHocTH O (BY) u O (B?), 
y MyHoxectTs B! u B?. V3 cpolictsa 4,2 cnelyeT cylecTBoBaHHe pa3sOuennit of ~ 
— — =e k P= mas — 
Joy O; HOs~o’, o6manaouux Tem cBolicTtsom, uTo [J (A;|JV2) c O (B), 
' = t— 1 


ten (LY = = 
UU (AZUVi) < O (6°), 7. e. yaosnersopsiomux ycnoBHaM semMut. 
1 


IlycTb Tenepb s* nu s*— npousBombHble 9ieMeHTHI MHOxKeCTBa pCa: 
| BpiGepem B ksaccax stu sk 9eMeHTHI of u of, yROBJeTBOpsOMLNe yCOBHtO: 


| deMMot 1. Mocnegopatembuocts (6; + of) = (O;,-.., 02,3, C), tre Ay A; Az, 
Bo: = U7) U2, Vi=ViU V2, B= BU B?, C=C UC, apasetca pa3s6neHvem 
hited k mpoctpauctsa X B cuty BEIGopa pasbuennii of Hof. Kaacc, cogep- 
Kaui pasOvenue (s/ + o*), o6o3HauHM Yepes (SFist) alipyor sah -))/2 
43 JemMbI 1 wlerko caeqyet,aTo (sé + s*)He saBucuT oT c1y¥aitnoro BbIOOpa OF 
J) OF B Kulaccax s* y sé. 
' 6. Ppynuma p*(X). Kak nerko Bugets, speqennaa onepauvaA CloxKeHHA 
‘BO MHoxecTBe p* (X) KomMyTaTuBHa. MoxkHO oKa3aTb, YTO HyJeBbIM Ks1accoM 
MHoxecTBa p* (X) No OTHOMIeHHIO K BBEJeHHOL OnepamHH OyyeT Kacc, cojlep- 
| |PXaulwn pasOvenve of = (a1,..., 0, ©, ©), me U; =X, A; =V; =, 
i=1,...,k, a knaccom, oOpaTupm xk KJlaccy, CojlepxKallemMy pa30veHne 
f° —(a1,...,a,, B,C), Oynet kaacc, cojepxkaljuh pa3s0veHHe — o*% = 
= (%1,..., a, C, B). AccomuatTuBuocts BBeleHHoii onepalHu cwyleqyeT He- 
MOCpeACTBeHHO M3 oOlpemesweHua. Takum o6pa30M, MMeeT MecrTo: 
Teopema 1. Mxooxecmeo p* (X) seasemca epynnoti, ecau Ind X <2k—I. 
p 7.CBASb Cc KOrTOMOTONHYeCKUMH TpynnaMuH. Bpe- 
AeM cilelyioume o6o3sHayeHusA JIA MHOxwKecTB (k + 1)-mMepHoro KoopyMHaTHOrO 
Mpoctpauctpa £*+1: S, — ennnuyHan k-mepnas cepa c ueHTpom B Hayaue 
kKoopaunat; S*~1—nepeceuenne S* cnsocKkoctThio x; = 0; E%* — nepeceuenne 
S* c nosynpocrpancrsom 6x; >0; 6= + 1 um —1; d= (OF 046). 
Ilyctb / — mpousBombHoe HelpepHiBHOe oTOOpaxeHHe mpoctpancTtna X 
os, Toraa af = (72 (S41), fF (E-*), F* (E¥*)) OynyT anemenTapHEIMH pas3- 
WeHHAMM Ipoctpauctsa X, a oF AG 2-1 Ol, | (0 ) ep  (a-)) Oyler pas- 
HeHHeM NopsKa k mpoctpauctsa X. 


Teopema 2. /lycme f u g — eomomonnvie meody coboti omob6pascenust 


| npocmpancmea X @ S*; moeda pa3s0ueHun oF u oF IKBUBAACHMHOL. 
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Joka3saTeabcTBo. Tak kak / M g TOMOTONHEI, TO CyllecTByeT Takoe 
oTo6paxenne F: (XX/) > S*, TO Ha, BepXH€M OCHOBaHHH OHO CoBMayaeT 
cf, a Ha HuxKHeM—c g. PaccMoTpHM pa3OveHHe NopsdKa k mpoctpauctBa Ame 
nopoxenHoe oToOpaxenuem F. Jlerko BugeTb, ITO 9TO pa3OueHHe OCyUIeCcTB- 
SIA€T SKBUBAJICHTHOCT pasOHeHHli OF Hi or. 

Teopema 3. [ycmb X — coeepweHHO HOpMaAbHoe npocmpancmé6o U 
ok —eeo pasbuenue nopadKa k; moeda cywecmeyem omobpascenue F: X — Se 
(ecOuncmeenHoe Cc mounocmbio Oo e2omomonuu), COAadaroUyee mem ceoticméom, 
amo o% coenadaem c O*. | 

TloKa3aTebcTBO TeOpeMbI 3 MOJIHOCTbIO OCHOBaHO Ha JleMMe 2. ! 

Jlemma 2. ITycmb 0” — pasbuenue nopsxdKa k npocmpancmea X u nycme 


g v 
fp: E> U S&+* — omobpanenue, o6radarwee mem ceoiicmeom, «mo 
: y é 


(AeA 
; Aaa re Olea 
ae 5 hf) se) =| A ee beer (Gay 


To20a cytyecmeyem makoe omobpascenue F: X — S*, amo of coenadaem c of 
TloKa3aTeJIbCTBO JIEMMbI 2 TIpOBOAHTCA HeMOCpeACTBeEHHbIM MOCTpOeHHeM @ 
uckoMoro oToOpaxkenua F. | 
Teopema 4, Iycme of u of — pasbuenus nopadKa k npocmpaxcmea X, | 
eolOpannole coeaacno aemme 1 @ xaaccax s* u sk. Tlycme, Oaaee, f u g—omoopa- | 
neenus npocmpancmea X 6 S*, coomeemcmeyrouue, cozAacHO meopeme 3, pasOue- 
Husm oF u oF. Toeda omobpasenue, coomeemcmeyrowyee, cOenacHo meope- | 
me 3, pas6uexuto o*, nocmpoenHomy @ aremme 1, eomomonno omobpadsteruto 
(fF +g): X + S*, 20e cymma (f +g) Oepemca @ cmoicae Bopcyka — Cnetine- 
1 
pa (*). 
MokaszsateabctTBo. Tak Kak pasOveHua o” u of ynoBseTBOpsIOT 
ycloBuaM JleMMpI 1, To CyllecTByeT 9JIeMeHTapHoe pa30HeHHe MIpocTpaHctTBa 
Rk ; 
al 2 @ 
X: a=(A, U,V), yqopseTBopstomee yemosuio: UD XN\() U7, VD XN) U;- 
D1) i=1 ‘a 
Bui6epem oToOpaxkenusa / M g, COOTBeTCTBYyIOlIHe pasOuveHHaM Of u Of M OO/a- 


fad va 0) =C 
“Vee ve? 
PaccMoTtpuM oToOpaxenue F: X — S*xS%, ompenetnemMoe Mo dopmye # 
F (x) = (7 (x), g(x)). Jlerko Bugetb, 4To B JanHom cayyae F (x) € S?xc, 
ecm x € ALU u F (x) € S?Xc, ecmm x € AV. Cneqosatenbuo, oTo6paxe- | 
Hue F aBideTcd oTOOpaxkenvem B OyKerT ccbep S* \/ Sk. Ecam Mb UenTudu- 
uupyem cdeppi S* u Sé, To mowyaum oToOpaxenue (7 + g):. X — S* B cmpicae 
Bopcyka—CretHepa. M3 noctpoeHua BHHO, 4TO Clete) = o*, uw Teopema 4 Jo- 
Ka3aHa. 


Teopema 5d. Ipynna p* (X) usomop@ua k-ti Kocomomonuyeckou epynne 
m* (X) npocmpancmea X. 


JLoka3aTeibcTBO HeMOcpeACTBeEHHO CileqyeT H3 Teopem 2, 3 u 4. 


jlaroulve TeM cBolicTBoM, uTo f (Al) U) = g (AUV) = 


MockoscKhit rocyapcTBeHHBIit yHHBepcuTeT Tlocrynu1o 
um. M. B. Jlomonocopa 15 II 1961 


LIMTHMPOBAHHAS JIMTEPATYPA 
+E. Spanier, Ann. of Math., 50, 203 (1949). 


1032 


Hoxaayqn Akagemun nayrx CCCP 
1961. Tom 138, Ne 5 


MATEMATHKA 


C. B. CHMEOHOB 


Ob OMHOM TIPOLWECCE MOCJIENOBATEJIbHbIX NPHBJIMDKEHHM 
HW ETO TIPHMEHEHWH JIS PEMIEHHS ®Y HKUHOHAJIBHbIX 
YPABHEHMM C HEJIMHEHHbIMH OMEPATOPAMM 
MOHOTOHHOrO THNA 


(ITpedcmaeaexo axkademuxom A. H. Koamoeopoeom 1 II 1961) 


_ Ilyerh qano cdyHKmuonanbyHoe ypaBHeHue 


; : atx, (1) 
rye A — HeMHelHbI onepaTop MoHOTOHHOrO THMa, NepeBOAAUlMH jaHHoe 
Hovly yop AOweHHOe MpocTpanctBo Bavaxa B ce6a. IloKkaxem, uTo peuleHue 3TO- 
PO (PYHKIMOHAIbHOTO ypaBHeHHA BO MHOrUx CJIYYaAX MOXKHO TOJYYHTb MeTOOM 


TOCNeMOBATeIBHBIX MIPHOJIMKEHHH, BOCTIOb30BaBLIMCh PeKYPPeHTHOH 3aBHCUMO- 
2TbIO 


Xi = X%i-1 + A (Hi — Axia) (2) 


Mle & BbIOMpaeTcCA M3 ycOBUH Cxo_MMOcTH mpomecca. Iloqo6uHow 3aBucuMmoctTbio 
A. A. Kypatomospm (1) 6x10 MOY 4EHO pellleHHe HEKOTOPbIX HHTerpaJIbHbIX ypaB- 
denui DpegqrombmMa, a Pauapyconom (2) — cuctem aylreOpanyecKHx ypaBHennii 
= CHMMeTPHYeCKOH MOMOKUTeIbHO oMpeseneHHoH matTpuuei. B pane pa6or 
Il. B. Kaxroposuu u ero mocnegonatenn (*?) opMy.iamu mMoxo6Horo Tua 0606- 
WWI MpHMeHeHHe MeToya HptoToua K pelleHHioO HeKOTOpHIX by HKIMOHAaJbHBIX 
ypaBHenui Bua P(x) = 0, npwHumMas B KayecTBe MHOKUTeIA a BbIp axKeHHA 
gua [P’(x)}1. B cnyuaax, Koroppie PaCCMaTPHBAaIOTCA 3fecb, & — 4NCeHHDIIi 
KOSPPUUMEHT, YTO IPH MIpakTHYeCKOM MIpoBeJeHHH BEIYUCeHMI BO MHOrHX cay - 
¥aAX OKa3bIBaeTCA yoOHee. 

ByeM rosoputb, 4To onepatop A MoHoTOHHO Bocxo_aAMMit HIM MOHOTOHHO 
HHCXONAMIHH, ECM JWI MBYX 9JeMeHTOB x1 << x2 € X uMeeT MecTo cooTReTCT- 
B€HHO COOTHOWeHHe Ax1 < Axe umn Axi > Axo. IIpuMem, 4To seMenT x € X 
TOO*KUTeNeCH, ECM BCe efO KOMIMOHEHTHI MOJIOKUTEJIbHBI. 

_ Bocnompsopasiuuch anatorom cbopMyabi JlarpanxKa 


Axa = Axo +A'x (x1 — x), rae x= x0 +0 (1— x0) (UH =), 


TerKO NOKa3aTb Cilefyiouly!o WpexBapuTebHy1O Teopemy: 

Teopema 1. Ecau X — noayynopsdovennoe npocmparxcmeo Banraxa, 
1 Ax — monOomoHHaA onepayusn, nepesodmuan npocmpaxcmeo X @ cebs, Oonyc- 
tarouyaa nepeyto npoussodnyto A’x & X 6 cmbicae Ppewe, a npu BOCXOOMUUX ONe- 
Damopax yOoeremeopsrowaa, Kpom2 moeo, ycaoeuio A’x >I uau A'x Pet f 
20e | — moodecmeennouti onepamop 6 X, u cywecmeyem snemenm x", Onn KO- 
mopoeo Ax* = x", mo amom anemenm eOuacmeennoitt u Oepanuten alemeHmamu 
1, x2 € X, dan Komoporx Ax — x1 u Axe — x2 umetom pasnele snaku. 

3amMeuannue. IIpw nucxo_samux onepatopax mocmequee ycoBue 6y- 
eT BbINOIHEHO, CCAM MpHHsATh x2 = Axi, Pe x1 — MpousBorbubIli 9neMeHT 
KOU, YTO x11 > x uu a << x, a An cyulecTByer. : 
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Jia HeKOTOpPBIX ClyyaeB CXOAMMOCTH IIporlecca (2) HMeloT MeCTO CJIeXYyIOULH 
yjBe TeOpeMB!: . ) 

Teopema 2. Ecau onepamop A dyxkyuoxaronoeo ypasxenus (1), sada 
1020 6 NoAYYNOpADOLeHHOM Npocmpancmee C Cc LeboUUeEcKO MeMpUKOU, ecmb one 
pamop moxOmoHHo2o muna Wu OonycKaem nepeyto pOUuseodHyto 6 cMbicae P pete 
ydosaemeopsuowyro ycaosuio mI < A’x < MI Oana Kascdo2e0 aAemenma x €& C 
O2paHUYeHHOeO INEMCHMAMU Xi WU X2, ONpeOeACHHOLMU CO2AACHO MeopeMme 1, mo oa 
ecex sHavenull Koappuyuenmoe mu M npu Kucxodmyux onepamopax u Ox BHA 
uenuti m > 1 uauM < 1 npt eocxodsujux onepamopax cytuecmeyem peuleHue X 
ypaenenus (1). K nemy cxodamca nocaedoeameabnole npudausenusn (2), eca 


1 
NPUHAMb = —y—Fz) 20e Mey =1/2(M +m). Bowcmpomy cxodumocmu moon 
cp 
OueHumb HepaeeHcméeom 
r \" 


| bel = BG) | < T—=)er No» 


M—m 
20e Yo ss | OG ——— Xo ||, E = M-—-m—2 7 
38ameuaune. KosddpulvenT & MOXKHO BbIPasHTb H C MOMOLLbIO KOHCTAH- 
2 


TH Jinnmimuna K. Torzaa = re 3HaK TOC HH MHHYyC Oepetca CoorT- 


BeTCTBEHHO IIpH BOCXOMAMMX HM HUCXOUAULMX OlMepaTopax. 
Teopema3. Ecau onepamop A dynkyuonaaonoeo ypaexHenua (1), 
sadanHoeo 6 noayynops0o4venHom npocmpancmee Tuasdepma Le, nxenpepeiee 


lL MOHOMONHO HucxoOsuUut, mo cytuecmeyem petulenue x° ypasHenust (1). K Hemy 
1 
cxoOsmcsa nocaedoeamerbHole npubdAuseHUsA (2), eECAU NPUHAM’ a= ~The 


2de K — koncmanma JTunwuya onepamopa A dasa aaemeHmoée uxKMepeana, CO- 
Oepocaueeo x’. Beicmpomy cxodumocmu mOooKHO OleHUMb HepaseHcmeom 


nN 


|= wn 


pi ‘lo 


20e 
to >a —xof, p= V1 a. 


IIpH jokasaTejbceTBe MoceqHelH TeOpeMbI HCMOMb3yeTCA HepaBeHCTBO 
ll xI—l|y||<V |x +]yP, wmeromee mecto B nomyynopsJoueHHoM mpo-) 
cTpauctse Le. 

Vis1oxkeHHbIt BbINe Mpomecc MocweqoBaTeMbHLIX MIpHOmMxKeHHH yoOeH 
Kak IIpH OTbICKaHHM MpHOMKeHHBIX PeWICHHM, TaK HM pH TeopeTHYecKoM HccJe- 
OBaHHH OoubwWoro Kpyra (PYHKUMOHAIbHBIX ypaBHeHHH. 


MnKeHepHO-CTpOHTeJIbHEIM ~HHCTHTYT Ilocrynusio 
Copus, Bouwrapua 11 VII 1960 


UMTHPOBAHHAA JIMTEPATYPA 
tA. A. Ky paiomos, Tp. JlenunrpagcK. Kopa6secrpoutesbH. nucT., B. XXVI, 107 


(1959). °K. C. Bepesnuu, H. ITI. KugaKos, Meroe Beuncnenus, 2, M., 1959. 
3 JI. B.. Kantoposuu, YMH, 11, B. 6, 99 (1956). 
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Hoxrsayqn Akagemun nayx CCCP 
1961. Tom 138, Ni 5 


MATEMATHKA 


B. b. YBAPOB 
CBA3b ABYX CNEKTPAJIbBHbIX ®YHKILMH, COOTBETCTBYIFOLLUX 
OAHOMY JH®PEPEHUWMAJIbBHOMY YPABHEHHIO BTOPOrO 
NOPAAKA HW PA3JIAUHbBIM HAYAJIBHbIM YCJIOBHSM 
(IT pedcmaseaexo axademuxom M. B. Keadouuem 31 I 1961) 


1. Paccmotpum sagayy lrypma — JIuysunaa yas ude pena bHore 
ypaBHeHia 

|) Ly thy =y" + — q(x) y =0, (1) 
re q (x) —cyMMupyeMan B KaxKJOM KOHedHOM MHTepBavie (byHkuna. Ilycrb 
a u 6 — nponsBorbuble elicTBUTeIbubIe YuCMa, P(x, ’) — peuleHne ypaBHe- 
Hua (1), yqoBneTBopsiollee HayabHBIM ycuOBHaM 


Se 


Pa (0, 4) = cosa, g) (0, A) = sina (2) 
_M paHHUHbIM yCOBHAM pH x = b ‘ 
Ga (b, A) sin B +9 (b, A) cos B = 0. (3) 


Mbt OyyemM paccMaTpuBaTb CBA3b CleKTpabHBIX PyHKIL Pa, (A) 3aqauH 
Utypma — Jl“ysuin, cooTBetcTByi0llux OHOMy H TOMy xe ypaBueunuio (1), 
rpaHuuHOMy yCJOBHIO (3) HW HadaJIbHbIM YCJIOBMAM (2) c pa3/IMYHbIM 3HaUeHHeM a. 
SaTeM MOJy4eHHbIe pesybTaTHI OyyT repeHeceHbl Ha MOuyOeCKOHeYHY!0 3a- 
ayy. 

2. pexnosoxuM cHayasa, uTO cos a + 0. Tlomb3yacb MeTOJIOM, H3J1I0%KeH- 
HBIM B pa6orTe ('), MOxKHO NOKa3aTb, YTO sbyHKUNA 2-ro poxa 


(Pq (ts &) doy.» (A) 
1! We (x, 2) = \ Pea d 
-YMOBJICTBOpAeT ypaBHeHHI0 
Lipa =F ZWa = 0 (4) 
HM YCJIOBHAM 
Yu (5 YW, (%, 2) — ¥, (Xs Dba (x 2) = 1 (5) 
(Ya (x, 2) — pewieHne ypaBHenua (4) c HayanbHbIMH ycIOBHAMH (2)), mpuyem 
abe (x32) = lim %p,, n (x,.2); (6) 
W, (x, 2) = limy,,, (x 2) (7) 
‘mpH x0. Sec 
{ fe. @, (%, A) E, (A) 
tba, n (X, 2) = Sen \ = A) (8) 
1 De (5 h) E, (A) § 
/ Po, 2 (x, 2) = cos a \ z—h dpa,» (A; (9) 


=p 


' E, (A) = \ fr (x) Pa (% A) dx, 
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a dynkuun f,(x) yaoBetBopswoT ycsoBusaAm: 1) fn (x) > 0; a ia (x) ea 
wan x > 1/n; 3) fr (0) = F (0) = 0; 4) Ff) (x) nempepprBHer u 5) Vin (x) dx == 


0 
pu x = 6 dyHkuHH pz, n (Xx, 2) YAOBMETBOPAIOT TpaHHUHbIM yCAOBHAM 


Pa, n(b, 2)sinB +p, ,, (0, 2) cos B = 


Con, » (A) => 0 


( [Ga (6, a) sin B + 9, (, 4) cos B} E,, (A) 
ze \ z—A 
—ooO 
B CHJIy TOPO, UTO 94,4 (A) — KyCOUHO-MOcTOAHHaA PYHKUMA, IpHyeM 3HayeHHa A, 
re (yHKUMA pz,»(A) HCMbITDIBaeT CKAYOK, ABJIAIOTCA COOCTBEHHBIMH 3Haue- 
HHAMH 3aauH. “ 
YuutTpiBad cooTHomleHua (6) uM (7), Mbl MowyyHM mpH x = b 


tba (6, 2) sin B -Lap, (b, 2) cos B = 0. ee (10) 


3. Tlycrb py,» (x0, 4) — cieKTpadbHad (PyHKIWWA, COOTBETCTBYIOWLAA ypaB- 
Henmio (1), rpaHHYHbIM ycloBHaM (3) M Ha¥aJIbHbIM yCJIOBHAM 


Py (x0, 4) = cosy; (xo, 4) =siny (0< x0 <8). (11) _ 


t @, iilde. aca hy 
@MyuKuua 2-ro pola py, x, (x, 2) = \ ua l ae i) YHOBJeTBOpAeT ypaB- 


HeHuio (4) pH x > Xo, a TaKxKe PpaHwuHbiM ycloBuaM (10). Mlostomy @yHkuHH | 

Dy, x, (x, Z) HW Wa (x, 2) MpH x > xX MponopuMoHasbHEt: 

‘ Dy, x, (% 2) he (x, 2) (12) 
Py, x, (Xo, 2) Ya (Xo, 2)” 

C€ MOMOlbIo 3TOTO COOTHOMIeHHA HamMuem ycmoBve (5) Aaa dyHKUHA © 

Wy, x (X, 2) Hp. (x, 2) pH x = xo B CeLyrollleM Bue: 


Ya (Xo, 2) p, (xo, 2) — Y, (Xo, Z) Pq (x0, 2) = I, 
(13) — 
, ; Wy (Xo, z) 
cosy: tp, (Xo, 2) — Sn Y° Wa (Xo, 2) =p, Goren 
Uckmiowaa 3 39TUX ypaBHenHit 1p, (xo, 2), MOXKHO HaliTH CBA3b PyHKUHi 
by, Xp (xo, 2) u Wa (Xo, Z): 


Yq (Xo, 2) Py (Xo, 2) (14) 


Py, xo (xo, 2) St ee 
cos ¥ ++ tp, (Xo, 2) {cos ¥-y, (Xo, z) — sin YY, (Xo, 2)} 
Tak Kak 
dey, 5 (xo, A) 0, Ge 
Pris 2) = Yn (a, 2) | PEARED 4 Sa S (15) 
C dey 4 (A) 
a (% 2) =ya(%, 2) | Be 4 Bee) (16) 


ys, «5 (2, Ya (X, 2), Ox, (x, 2) — petienua ypaBHenua (4) c HayabHBIMH 
ycropusimu (2) u (11) aaa yo (x, 2) MH Yy, x, (x, 2) M ycnoBMAMH 0, (xo, 2) =0; 
0. (xo, 2) = 1 ana 0,,(x, 2)), TO ¢ MoMONIBO (bopMyvtbt (14) MoxwkHO HaliTH 
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Zi 


cBA3b byHKUniti 


(oe) 
do ,b (Xo, A) 
My, x (0, 2) = \ aay ot 


PS ja ° apy. p (A) 
Mz (6, 2) ae \ reese We 


CBA3b CIeKTpaIbHLIX PYHKUMIi py,» (Xo, A) UM pa. 5 (A) MoxKHO HaliTH H3 CBA- 
3H hyHKuHii my, x,(b, 2) Hm, (b, z) ¢ MoMombIo dopmyvEI oOpamleHua CNRE a8 
A 
1 2 
p (Ax) — p (a) =— lim \ [— Im m (z)] do (17) 
t>0 x 


co 


Velen iez 1’ 2=0 +0; t> 0): 


B wacTHOCTH, e€CIM Mbl XOTHM NOJYYHTb CBA3b CHeKTpasbHbIX (yHKUNH, 
COOTBETCTBYIOUIMX ONHOMY HM TOMy 2Ke ypaBHennio (1), rpayHuHBIM ycoBuaM (3) 

| HW HadaJibHbIM yCJIOBHAM (2) Cc pa3IHYHbIMM 3HAYeHHAMH G, TO LOCTAaTOUHO No- 
JOKHTb B opmyste (14) x0 = 0. OkonyatTerbHO nomyuaem 


cos? Oy My (ara) 


COS 2 [m, (6, Z) cos ay Sin (41 — a) + cos ag] 


Mz, (0, 2) = (18) 


4. Ec OHO W3 3HaYeHHil COS G1, COS G2, HalIpUMep Cos O2, paBHO HYyvIO, TO 


co 

\ dp, b 

HHTerpa \ 7, He cxogutes. B stom cilyyae MoxKHO HaliTH CBA3b PyHK- 
—0oo 


\ eo) 


Wu Ma, (, 2) = (+1) @—b WM M,,(b, 2). Ita cBA3b MerKO HaXONUTCA H3 


’ —oo 
ypaBuenui (13) np xo = 0 c momombio paBencTBa 
first 


é 1+ iz j : 
Pa (Ge An) dp, b () iJ. D Dy (x, a] i (x, i) sii Vy (x, z) 
\ (Eee ae i=? aN: 
—oo 


OxkoH¥aTeIbHO Mosy4daem: 


= we 1 1+ iz 1— iz { 
Maja (0,2) = (1 — z) cos?ay { 2m, (6, —i) : 2m, (6, i) My, (6, z) \ ; (20) 


Unterpan, onpefensiomuli dyHKUMIO M7.(b, z) HMeeT CMBICI. 

5. Ec paccmatpupaetca Nody6eckoneynaa 3afaya U pz (A), py (x0, A) — 
ape cieKTpasibuble (yHKIUWH, COOTBeTCTBYIOIHe ypaBHeHNio (1), a Takxe Ha- 
WabHBIM ycnoBuaM (2) u (11), To p, (A) = Be DaentA)s © Own von 

00 


= lim py,» (xo, 4). Tak Kak uMuTerpasl 
b-+00 


© dp, 4 (A) ( dey, » (x0. A) 
ta (6, 2) = \ 7, m6, = |S 


CXOJATCA paBHOMepHO lo 0, uTO cJlekyeT H3 acuMMTOTHYeCKorO NoBe_eHHA 
pynxuni Pa, b (A) H py,4 (x0, A) mpH |A| > co (em. (?)), TO, Mo Teopeme Xenu: 


| do, (A), 
Mea (2) = \ 75 ae at Me (5, 2) » My, x, (2) ra \ 


—00O OC 


foe) 


dp,, (Xo, h) 
z—i2zr 


= lim my, x, (b, 2). 
b+0o 
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Tlostomy BCe, pacCMOTpeHHoe Bplllle, ClpaBeAINBO M JIA nOJlyOecKOHeYHOrO 
MHTepBasla C 3aMeHOH fa,» (A) H py, » (Xo, 4) Ha py (A) H py (Xo, A), a Ma (6, 2) 
Mavi v0, ¢) Ha iM, (2) Wit es ey: 

3aMeTHM, YTO BIepBbIe CBASb (PYHKWHH fz (2) HU My, x, (2) WIA YaCTHOFO CuTy- 


yaa yCTaHoBseHa B padoTe (°). 
Tlocrynusio 
6 I 1961 


IMTMPOBAHHAA JIUTEPATYPA 


15. M. JIeputan, JAH, 82, Ne5 (1952). 2 B. M. Jliesutaun, JAH, 7!, No4 
(1950). 3M. T. Kpeiiu, JAH, 93, Ne 4 (1953). ) 
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Jloxraygp Akagemuu Hayrx CCCP 
1961. Tom 138, Ne 5 


' MATEMATHKA 


F A. H. UHPSAEB 


3AMAYUA CKOPEHWIETO OBHAPYKEHHA HAPYWEHHA 
CTAWMOHAPHOLO PEXKAMA 


(ITpedcmaeaeno axademuxom A. H. Koamoeoposoim 21 I 1961) 


1. Ilyctb npn ¢t > 0 HenpepprBHo HaOmogaetca caryyaitHbtit mponecc y (A), 
YAOBJIETBOPAIOUMH ~CTOXaCTHYeCKOMy ypaBHeHHI0 


4 dn (t) = x (¢ ~ 6) dé + dé (0), (1) 
one § (t) — rayccoscKuli mpomecc c HesaBHCHMbIMH NpHpaulenuamn, (0) = 0, 
p MAE = 0, M (AE)? = At 


a dbyHKWMA Y% uMeeT BH 
Om s <9), 


q 19 = 44) ee, 


Moment 9 moxBIeHHA «pa3aqKH» HeH3BecTeH. 
_ Lewdb HacTosel 3aMeTKH COCTOHT B KpaTKOM H3J1OX%KeHHH pellleHHA culey1o- 
Hen 3aqauu, moctapmenHot A. H. Kommoropospm. 

TpeOyetca oOTbICKaTb TaKOH MeTOX HaOo,eHuA *, UTOOKI Moce NOABJICHHA 
)as1aIKU BO3MOXKHO CKOpee Obl MOaH Ha OCHOBaAHHH HaOsIOeHHH 3a XOJOM 
1 (t) cooTBeTCTBYIOILN CHrHad Oo ee HamuMunH. IloaspenHe Ke OWIMOOUHBIX CHrHAa- 
1OB, MoaBaeMbIX JO MoMeHTa 0, TOJKHO OCYLeCTBJIATbCA B HEKOTOPOM CMBICJIe 
deENKO. 

2. PaccMaTpHBaeMad 3ayaua posxcTBeHHa 3ayaye BLIOOpa MexKAy rHmoTesaMu 

= Ou y= 1 Ha ocHoBaHHH HaOmIoJeHHi 3a XOJ0M PyHKILHH 


dy (t) = x dt + dé (4), (2) 


daccMoTpeHHOH B § 3 paGort (?). 

aa CpaBHeHHA HalOMHMM XOPOINO H3BeCTHEIe pesy1bTaTHI, oTHocaItHecs 
« 9TOH MocweqHeH 3ayaye. 

Ilyctb a w B o603HayaIOT BEPpOATHOCTH OLIMOOUHBIX pellleHHi pH runoTesax 
(= O0uy= 1; Mw — matematuyeckhe OKUJaHHA JIMTeIbHOCTH HaOJIOJeHHH 
IpH rumotesax y = i. Ecau a u B tbukcupoBaHbl, TO 


Mov > 2 (a, 8B), Miv > 2 (f, a), 


1{—a 


“me w (a, B) = (1 —a) In qi ta In 
O6a HepaBeHCTBaA OJHOBpeMeHHO IIpeBpalilaioTca B PaBeHCTBO ae OnTH- 
“albHOK Mmpouenype Banbya: Ha6mrogaetca mpouecc € (t), ¢ (0) = 


dt (t) = —*/2 dt + dy (4) (3) 


fO TlepBoro ocyllecTBIeHHA OAHOrOo u3 paBeHcTB C(t) =A uan C(t) = B, 
me i >0S>A. B nepsom ciyyae NpHHuMaetca runotesa ¥ = 0, BO BTOpOM 


z 


f 
} alto eee Bu. 1 3aaua, XOTA B HEM 4HCO PHMOTe3 (BO3MOXKHBIX 


Be coy mapamMeTpa 0) OecKOHEeUHO, AONYCKaeT aHaJIOTHYHOe pPeLleHHe, 
ie TpeOyrouree allpHOPHOLO B3BelIMBaHHA THIOTES. Takada nocTaHoBKa 3a,auu 


- * To no NOBOLY yMoTpeOAAeMbIX MOHATHH «MeTOMa HaOIOJCHHA» H ps cM. (1). 
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(qanee — BapnvanT A), ofHako, M0 CYIeCTBy IIPHMeHHMa JIMINb B Ciyuae 
KOPa NOABEHMIO pasaKH MpeMMecTByeT AIHTeIbHBIH MepHol HaOuHOLeHUs 
3a mpomeccom 1 (Z) (mpu y (¢) = 0), B KOTOPOM ycTaHaBJIMBaeTCA CTAalMOHapHbl 
pekKuM HaOsIO,eHHA. 

Bapuaut A. Haiitu Tako meTox noxaun CurHaJoB, 4TOObI IpH 3alaHi 
HoM 7 — MaTeMaTHYeCKOM OMKUaHuH (M. 0.) BPeMeHH MeXKAy ABYMA JIOKHbIM 
TpeBoraMH COOTBETCTBYIOUee CpeqHee BPeMA 3ana3sIPIBAHHA T= T (T), TOM) 
CUMTHIBACMOe B MPeMNOJOReHHH, YTO pasMayKa NOABAeTCA Ha (OHE yCTaHO} 
BHBINeFOCA CTAIMOHApHOrO pexKUMAa, BO3HHKaroulero upH yx (2) = 0, npuHumae 
MHHHMaJIbHOe 3HaueHHe. 


pacnpejesenne 
P@<t)]=l=eN%, -- (4) 
rye ’ — u3BeCTHaH NOCTOAHHAA. 
Vnayse ropops, mpeamouaraetca, uTo y (¢) ABJAeTCA MapKOBCKHM IIporec} 
com ¢ 2ByMs coctoxHHaMH Ow 1, y (0) = O, H elvHCTBeHHEIM mepexojiom 0 — J 
€ MIJIOTHOCTbIO BEpOATHOCTH, paBHOH A. 
BapwuauT B. IIpu 3aqanHom VN —M. 0. 4nca % NOKHbIX CHTHAJOB! 
MOWarolluxcA JO MOMeHTa 8, HaHTH MeTO HaOOJeHHA, JIA KOTOporo | 
Tx = M{vy +... + Vata — 5F, 
re culyyaiinble BeIMUMHbI Vv; — QWIMTebHOCTH i-xX 9TAaNOB HaOMOLeHUA, OOpa: 
mlaeTca B MMHUMYM. 
TouHo Tak Ke Kak HB (?), MOKa3bIBaeTCA, UTO NOCMEMHAA 3aaua IKBUBAl 
JI@HTHA HAXOMKACHHIO ONTHMAJIbHOrO MeTOLa B CJleLyrolleH MOCTaHOBKe. 
BapwuautT C. IIpu 3aqaHHo BeposTHocTu © = & (v < 6) BEIpaOoTaTH 
MeTO] HaOJIOMeHHA C MHHMMAJIbHBIM tT (@) = M (v — 6 |v > 8), rae v — mo} 
MeHT TlOJa4H CHTHadia O pa3ualKe. 


3. O6o3HauuM 
nm (t) = £ {x (t) = 1| nf (s)} (5) 


aNOCTePHOPHY!0 BEPOATHOCT NOABJCHUA passaqkH Oo MoMeHTa ¢. B (5), Kak 
oOprmHo, 1! (Ss) O6o3sHayaeT (byHKUMIO, paBHyto (Ss), HO ONpeseweHHyiO JHUIE 
mma OSs <ct. | 

Teopema 1. Onmumaaonouti (6 cmeicae 6apuanmos B uC) memod cocmoum 
6 Habsmodenuu npoyecca x (t), % (0) = 0, 00 nepeoeo Oocmustenua HeKOMopoec 
sHaveHus L, KomOpoe nodcuumoibaemca us ycaosua duKcayuu N uauw. Jaa x (0) 
umeem mecmo caedyroujee CmoxacmuuecKkoe YpaébHeHue: | 


dx (t) = (4 — x?) (1 — x) dt +x (1 — 2) dy (. (6) 

Hnorga BMecto x (t) yqo6no paccmaTpuBaTb 

_ _ a(t) 

p (2) = t—a( , (7 
@ (t) = Iny (2), (8) 
Wid KOTOpbIX H3 (6) Nowy4aem 
dp (t) = (1 +) dt + dy (d), (9) 
dp (d)f= [A (1 + e-%) — 4/2] dt + dy (2) (10) 
Mp ycnopuax p(0)=0, @ (0) = — oo. | 


EcrectBeHHo, ¥To mpu A — 0 ypaBuenne (10) mepexogut B usBecTHoe ypaB 
HeHve (3) Aa JorapudMa OTHOMeHHA HpaBlonosoous. 

4. C MOMOM{bIo MpexedbHOro Mepexoza, ykKa3aHHoro Ham A. H. Kosmoro 
POBBIM, H3 IpeMlecTBylolWleH TeOpeMbl MOXKHO MOJYYATh ONTHMAIbHBIi MeTOJ] 
HaOJNOMeCHUA B MOCTAHOBKe 3ayauH B BapHauTe A. IIpuuem mbt 6yyem paccmaT+ 
PHBaTb TOJIbKO TakHe MeTOAbI HaOIOJeHHA, WIA KOTOpbIX t (7) HelpepbIBHC 
3aBHCHT oT 7’, paciipexenenua Avia v; upu x (4) = 0 HepemeTuaTnr H cTalMouap- 
1040 
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BIH P@KUM, ABAAIOULMHCA C/eACTBHeEM HepelleTuaTOCTH V;, ycTaHaBs«MBaeTcs’ 
akHM OOpa3oM, 4TO pH 060M T 


lim sup [t# (T) — + (T)] = 0. 


Szecb t' (T) — M. 0. BpeMeHH 3aNa3qbIBAaHMA B Npe_MosoxKeHMH, 4TO pa3ay- 
'Ka MOABHIaCb B MOMeHT f. 


lia mpoctorst nociefyiomux dopMys MbI BCiony GyzemM mpegnouarath. 
_M,Ay, = V 2At, ato Bcerga MoxHO NOJLY4HTb H3MeHeHHeM MacuITada BpeMeHH. 
| Teopema 2. Cpedu onucannoelx eouue memodoe Habsmodenusa npu sadan- 
Hom T onmumaabHoim ABAKeMcA memo, OCHOBAHHELL HA HaGAOOeHUU Cayratinoeo: 
perouecca oil pAO)s—-0, 
y 


" dp (t) =-dt +V 2pdn (11) 


00 nepeozo Oocmusenua eOunNuUHoed ypoena. IT pu 3amom 


es 


Dlie, 


iar 


«(T) = eX(— Ei (— y)) —1 ty) et BEE yy, (12) 
Boe y = I/T, 5 


aees 
oe uae =\ at, <> 0, 


PE OES Oe pr wee © 


“npomabyauposanHaa unMeepanbnaA noKasameabnan CyHKYUA. 
V3 (12) nenocpezcTBeHHO nosyuaem 


\ 


InT—1—C+o0(l), T-—.o, 
Tt =| ms (13)- 
T/2 +O (T°) T — 0, 
‘Tae C = 0,577...— konctaHta Siinepa. 


5. BombuioH MHTepec MpefcTaBdeT CpaBHeHHe OMTHMa/IbHOrO MeTOJa Ha- 
OmiofeHua * c U3BeECTHBIMH MeTOZaMM MocwefoBaTebuHoro aHatu3a Baba u 
Hetimana—IIupcoua. 

IIpumMenntebHO K JaHHOM 3afaye mMeTO mocwleqoBaTebHOTO aHaJu3a 
“COCTOHT B HaONOfeHuH mpouecca C(t), €(0) = 0, dt (t) = edt + dy (t) 
'C IIPHHATHEM pelleHHA B MOMEHT V MepBOro BHIXOa Ha rpanuity. Ecau € (v) = 
= B>0, rae B — «Bepxuaa» rpanuta, TO MpHHuMaeTCA pemlenne O HAIMUHH 
‘pa3slaqKH WM MpoucxoLNT mpoBepka 9TorO pemlenua. Ecau pa3sayka jelicrBu- 
TeJIbHO MMeeTCA, TO HaOJIOMeHUA 3aKkaHUMBaloTcCA. B cyuae OTCyTCTBUA pa3- 
Wayku, a Taxxe up C(v) = A<0, A — «nwxKHAa» Ppanuma, nponecc Ha- 
OMOMCHUA HAYMHAeTCA CHaYaa (IPpOHCXOANT. OTpaxKeHHe mmpotecca c rpanHnit 
B HYJIb). 

Ilockompxy T = T (A, B) u t= 1 (A, B), To mp 3aqaHHoM 7 MeTog cbaKTH- 
WeECKH 3aBHCHT OT OJHOFO Napametpa, cKaxkem A. Takum oOpa3om 3ajaua CBO- 
“RHTCA K OTbICKAHHIO ONTHMaJIbHOrTO A. 

HanoMHuM, 4TO T NOJCYMTHIBAeTCH B IpeANOMOKeHHH YCTAHOBMBIUIErOcA 
‘cranonapnoro pexKHMAa, BO3HHKAarIollero B OTCYTCTBHE pa3zawKH. B HacTostlem 
‘caryuae (bakTHUeCKH HaXOMHTCA OHOMEPHOe CTAIHOHapHoe pacnpelesenue MIA 
Tipomecca € (¢) c onvcaHHbIMH KpaeBbIMH YCJIOBHAMH, KOTOpoe HEOOXOAUMO MIA 
nloycueta vt. 


Teopema 3. Cytuecmeyem makxoe T < oo, umo dan ecex T >T onmu- 
MANbHOIM ABAKEMCA Bebop napamempa A = 0. IT pu amom 


B 3 
t (7) = 7 {Ble® ——e*)— 5 (es —2 +e-5)\, (14) 
ede T = eB —B —1. 
* 3ameTuM, 4uTO ypaBHenne (11) nun p (f) ABIAeTCH THNHUHBIM MpHMepoM ypaBHeHHii c 
“O6paTHoii cBASBIO. 
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ah ales 


V3 (14) nowyyaem 
InT —*/e2+o0(1), Tox, 


5/eT + O (T*), T — 0. 


Y wac HeT HUKaKHX COMHEHHH B TOM, YTO B JelCTBUTeIbHOCTH JWIA BCeX 
T spOop A = 0 aBadetca ONTHMAaIbHbIM. Halli MeTO AOKasaTeJbCTBA NOSBOMIAeT 


Mtb yctanoBuTa; ro 7 <3000. Takum oOpasom, B Ku1acce MOCeLOBAaTeJIbHOLO | 


aHamH3a Basba onTHMaJIbHbIi MeTO, (110 Kpalineil Mepe npu T > 7) cocrourT | 
B HaGwloyeHun mpomecca (4), 6 (0) = 0, c¢ orpaxaioulum 9kpaHom A = 0, | 
StToT MeTO MbI OyNeM Ha3bIBATh BLIPOKACHHDIM NOCHWeEROBA=| 
TeTbHBM AaHAIU3ZOM. | 

OrmeTuM Takxe, 4TO ycloBHIO A = 0 cooTBeTcTByIOT OWIHOKH o& = 0, 

= |, 

; IIpumenenublit K JaHHOH s3ayaue meTo Helimana — IIupcona cocrouT B 
culeyroulem. Pemienwe 0 HaJIHYHH pa3sJia\KH MpHHHMaeTCA B MOMEHT 7, eCJIM 
C (m) > h, rae m wu A — HexoTopple KonctanTal. Ecan € (m) > A MW BbISICHS- 
eTcH, UTO pagsalKa B JeHCTBHTeIbHOCTH HM€eT MECTO, TO HaOMIOCHHA 3aKaH- 
yuBaroTcad. Ec 2Ke ee HET, a TakxKe B Culyyuae € (mm) < A npowecc HaOmoseHHs | 
HauHHaeTcs CHayasa. CHoBa 3fecb T = T (m, h) ut = t (m, h) w pu cbuKcn- | 
poBaHHom T MeTo, HaOOeCHHA WeJIMKOM OMpeseAeTCA OHM MapamMeTpom, 
ckaxem m. Uro Ke KacaeTCA YCTaHOBMBLUIeErOcA CTalMOHapHOrO pexKHMa, TO 
3eCb 9TO MOHHMAeTCA B CJIeLYIOULEM CMBICVIe: pH MW0O0M (PHKCHPOBaHHOM 
pacnpesesleHHe NOABICHUA pasaqKH Ha oTpesKe [0, m] mpH ycvIOBHH ee TO- | 
ABJICHHA Ha 9TOM OTPe3Ke PaBHOMePHO. ITO omyuleHue He MOKAaKeTCHA CTPaH- | 
HbIM, €CJIM 3AMCTHTb, UTO TAKHM CBOHCTBOM OOJlaaeT pacipelenenne (4) npH 
A —> 0; 

BBudy FpOMO3AKOCTH MOJIYYeHHBIX COPMYJI WIA OnpeeveHHA ONTHMAvIb- 
HOO M, TIpHBeJeM TOJIbKO ACHMMTOTHYECKHH pesyJIbTAaT. 

Teopema 4. IJpu T-> co onmumaronoim steasemca Bolb0p m—~ ln T, 
npu amom 


t(T) = (15) 


v(T)~*/,in7. (16) | 
Ecau T —0, mo onmumaroHoim 6bi00pom seasemca m ~T, u moeda | 
(CT (17) | 


M13 teopem 2, 3 u 4 BpiTeKaeT, UTO pH CombUINX 7 BbIPOXKLeHHbI NOCceLO- 
BaTeJIBHBIM AHAIM3 LaeT YAMBUTEbHO XOPOMee MPHOMHKEHHE K ONTHMAJIbHOMY | 
meTowly. IIpu Masbrx 2xe T metox Helimana — IInpcona Jaer xopomee npuOn- 
2%KeCHHe K ONTHMAIbHOMY MeTOJL. 

IIpupeyem pesybTaTbl UMCeHHOTO pacueTa JWI STHX TPeX MeTONOB: 


T 0,1 4 10 10* 10° 10* 
OntuMaviby. 
MeTO], 0,04746 0,34153 137173 3,16015 0, 34728 7,63502 
TlocneqoBa- 
“T@JIbH. AHAIH3 
Meron 0 ,06324 0, 38892 1, 44096 3, 20994 5,43709 7,71529 
ae 6e 0,05 0, 44104 1,76845 4, 30794 Ueto 14,45836 


| 
Boipaxaio OularosapHocts A. H. Koamoroposy 3a oMoulb, OKa3aHHy!0 MH 
B paOoTe Hal JaHHOu 3ayaueilt. 


Matemaruyecknit HucTuTyT um. B. A. Crekjosa TlocrynHio 
Axkaylemun HayK CCCP 18 1 1961 


UMTHPOBAHHAS JIUTEPATYPA 


1A. H. Wupsaes, LAH, 138, 4 (1961), 2 A) Dvoretzky, Je Kiefer, 
J. Wolfowitz, Ann. of Math. Stat., 24, Ne 1 (1953)" Prk 
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Joxnxagn Akagemun nayx CCCP 
1961. Tom 138, Ne 5 


MEXAHHKA 


} B. A. BOJHEP wu B. TI. CEJIESHEB 


MOBEJEHHE HEBO3MYUIAEMbIX CHCTEM B HHEPLILMAJIbBHOM 
i MPOCTPAHCTBE 


(IT pedcmaeaeno axademukom B.C. Kyaebakunoim 23 I 1961) 


_ Hesosmyniaemble cCHcTeMbl B TpeXMeEPHOM MHEPLMaIbHOM rpocTpanctTee, 
PHMeHsxeMbIe B KaveCTBe HaBHTallMOHHbIX CHCTeM, COJepxKaT TPH akcelepo- 
eTpa, yKpemJieHHbIX Ha FHpocKoNMYeCKOM CTAOHMM38aTOPe, OPHeCHTHPOBAaHHbIX 
0 OCAM HHEPI\HaIbHOM CUCTeMbI KOOPAMHAT. CurHadibl AKCeJIEPOMeTPOB Bark IIb 
apyiores AAA MMONYYeHHA KOOPAHHAT MecTOHaxomeHHA. TlocKkoubky 
CeJIEPOMETPbI HE H3MepAIOT PpaBUTALLHOHHbIX YCKOpeHui, TO B CHCTeMe TIpe- 
yCMaTp MBaloTCA TpH KaHasla aBTOKOMMeHCallHH paBUTalMOHHbIX YCKOpeHHi. 
akue CHCTeMbI. OOslalaioT H3OHpaTebHOCTbIO MO OTHOUICHHIO K YCKOpeHHAM 
SHTpa Macc jBMAxKYULerocA B MpocTpaHcTBE : 

la HM MOFyT MpHMeHATECH WIA onpejese- 
ax JIMHeMHBIX CKOpocTeH HM KOOpAHHAT 
scTOMOJIOKeHHA. HeBosmyilaemple CHCTeMBI e 
‘TpeMA KaHalaMH ABTOKOMIeHCalLMu, B.-OT- \okaunmuxa 
(fave OT CHCTeM C ABYMH KaHasiaMH, HMeIOT 
4OrO HHTepeCHbIX UH BaxKHbIX OCOOeHHOCTEH. 
€KOTOpble BOMpOCbl TeopHu 3TMX CHCTeM 
YT W310%KeHbI B HACTOAULel padore 
_Paccmotpum mopesenue HeBO3MYLLaeMoli 
Hepl\HabHOu) CHCTeMbI HaBHTalluu B Tpex- 
*PHOM HHEepIMaIbHOM poctpanctsBe. B ka- 
(CTBe CHCTeEMbI KOOPJMHAT BO3SbMeM 93KVJIMII- 
MecKy!lo CHCTemy Xoyozo (puc. 1), Hauano KOTOpOM pacmoJlOx*KeHO B IWLeHT- 
‘CouHia, a 1Be OCH Xo MIM Yo— BMMOCKOCTH 9KMNTHKH. TpeTbx” ocb nep- 
HAUKYJApHa K STON mmocKOcTH. OHA U3 OCel Xo HIM Yo MOKET ObiITb HampaB- 
Ha Ha 3Be3qy Cnuka. Ilonomwenne oOnektTa B Takol cucTeme OyjlemM ompe- 
JATb MPAMOYFOJIbHBIMH KOOPAMHAaTaMU XxX, Y, Z. 

PacnowoxKuM Ha OObeKTe, ABYXKYILeMCsH B TpeXMepHOM IIpOcTpaHcTBe, MHep- 
lasIbHy10 (HeBO3Myllaemy10) cHcTemy HaBuranuu, Ecan F u G — Bexktoppi 
@ClHHX CHI HW CHI TATOTCHHA, JeHCTBYIOULHX Ha OObEKT, TO COCTABJIAIOWIMe 
COJIOTHBIX yCKopeHul x”, y”, 2” WeHTpa Macc OObeKTA IO OCAM Xo, Yo, 20 OYAYT 


Fa 


Puce. 4 


uM all 


X =An—, y= ay —8y % = an — Bz (1) 
4 Axo, Ayo» Qz) — COCTABJIAIOWLve ycKopeHHit, BbISbIBaC@MbIX BHEUIHHMH CH- 
MH, HU gx, Zy, 22 — COCTABJIAIONMe PpaBHTAaIlMOHHbIX yCKOpeHHi. 
AxkceJIepoMeTpbl, ocHu YYBCTBUTeJIbBHOCTH KOTOPbIX COBIMaflatoT C OCHMUY 
yo, Zo, OYALYT H3MeEPATb TOMIbKO YCKOPCHHA Axo, Ayo, Azo. BeweqcTBHe yXOjlOB 
POCKOTOB OcH YYBCTBHTCJIBHOCTH aKCeJIEPpOMeTPOB, oOpa3yroulne OpTOroHadIb~ 
10 CHCTeMy KOOpAMHAaT xyz, He OyyT MapaVebHbI OCAM MHEpUMabHOK 
CTeMbI KOOPAMHAT X,Y 2 (puc. 2). Ecau Bocnomb30BaTbCA TeM, 4YTO YIVIbI 
B, YB peaJIbHbIx YCJIOBHAX MaJIbI, TO JJIH CHTHAaJIOB aKCeJI€ pOMeETPOB MO?KHO 
MHUCaTb 


; 


=] Ay = Axg + as ay = Ay + DA ges az = an + Aazr, (2) 
8) Ady = Ayo — Az, Adyr = AY — AxoP, Adzr = Ayo — Ayoy. 

Jina oOpas0BaHiA HHepiHabHOH CHCTeMbI C TpeMA KaHaJlaMHU aBTOKOM- 
4CallHH TpaBHTallHOHHbIX yCKOpeHHi HeOOXOAMMO CsOpMupoBaTb KOMIIeH- 
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CaILHOHHbIe CHTHAIBI Zen, Zyx» Y2x» PABHbIE NO BeMUMHeE HM OOpaTHbie Mo 3Ha 
COCTaBAAIONNHM 2x, Sy, Zz Ha puc. 3 NoKasana CTpyKTypHad CxeMa HHepIt 
aJIbHOli CHCTeMbI C TpeMA KaHaJiaMu aBToKoMnencaunn. M3 crpyKTypHoi cxe 
novlyuaeM ypaBHeHHA JBHXKeHHA CHCTeMbI 


1 


+ %|> 


1 


|(a. — 2 xx) , + Xo = Sx, | (au — Sx) = + yo|— + Yo = Sy, 


| (a2 — = Giles _ 20| = + 2 = S&S, 


PHC Xo. Yor Zo» Xo» Yor 2o— HAYAIIbHbIC 3HAYCHHA KOOPAMHAT H CKOpoOcTeli OObEKT 
Sy, Sy, Sy — TEKYULHe 3HAYeHHA KOOPAHHAT OObEKTA, BbIAaBaeMbIle HHEplHadl 
HOH cucTemolH, p = d/dt. 

Ypapnenisa (3) C MOMOLIbIO COOTHOLICH 
(2) MoryT O6bITb TipecTaBJIeHbI B B BHJe 


Ax" = Ag, + Aa, Ay” = Ag, + Aay 
Az” = Ag, + 7AVe pa (: 


roe Ax = s, — x, Ay = s, —y, Azi="s3 
— 2—MOrpeliHOcTH HHeplHasIbHOH Cc 
CTeMBI, 


Ag, ee re Ag, see) Se Byx> 
Ag, = £2 — &x ( 


MOPpelHOCTH, XapaKTepH3yrollue HeETOUHY 
KOMII€HCallM10 TpaBHTalMOHHbIX YCKOpeHH 

Herounand KOMMeHCallisa rpaBHTalMOHHbIX yCKOpeHHH MpMBOAHT K NOABI 
HHIO MOrpelwHocTelt HHeplHaJIbHOH CHCTeMbI. OTH MOrpeWIHOCTH BXOJAT BC 
CTAB KOOPAHHAT Sy, Sy, Sz, NO 
KOTOPbIM IIPOH3BOUTCA BbIUHCJe- 
HHe€ KOMIMeHCaIMOHHBIX CHTHaJIOB 
xx» Lyx, Fx. EcM wHepuvanbuHaa 
cucTeMa ycToluHBa, TO Morpeul- 
Hoctu Ax, Ay, Az 6ynyT 3aTy- 
XaTb. OueBHHO, YTO B HeYCTOH- 
YHBOW CHCTeMe OHH OyyyT Hapa- 
CTAaTb. 

J\1a cbopmMupopanna curHasoB 
KOMNe€HCallMH HeOOXOAMMO 3HaTb 
aHaJIMTHYeCKHe BbIPaKeHHA JIA 
COCTABJIAIOULUX  YCKOpeHHA gy, 
By 2. ‘Eeam mj Xs Gee ea Puc."3 
(t= 1, 2,..., 2) — Macchl H Ko- 

OpHHAaTHI HeOecHbix TeJI, BbISbIBAIOWIHX YyCKOpeHHA OOBeKTA, TO cocTaBIlA 
IlHe yCKopeHHit OyzyT 


Pue. 2 


60 


-) 
ict) 
S: 
5 
Q 


yempoucm 


n n n 


X— 4H; \) y—Yy; . z—z, 
ein pian gy =D fim F g, SY fri ee 


3 
| L i=1 Ry 


rye 


Ri = V (x — x)? + (y — y)? + (2 — 2), 


} = 6,67-10-§ CGS — nocrosuHaa TaroTenna. 

CuetHo- “peliiaioulee YCTpOHCTBO JOMMKHO (OPpMUpoOBaTb CHFHAJIbI KOMIMeHC 
HHH Lic» Syx> S2x B COOTRETCTBHH C (popMyvIaMu (6) H (7), B KOTOpHIe BMeCTO Jelic 
BUTCJIDHBIX KOOpIMHAT OObeKTA x, Y, 2 CeMyeT NOACTaBUTh H3MepeHH 
HHEPUMAIbHOM CHCTeMOM KOOPAHHATH Sy, Sy, Sz. 
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Tlomp3ysicb Bbipaxkenuamu (5), (6) u (7), nonyauM 
: fm; X— x, \2 X—X; 
aD ef 3) ] ae 3 Se ty uy + 2p al, 


| ae Y 4 [: ae oa” y" Aye 6 ee [(x — x,) Ax-+(2—2)A2l| 


| 
(8) 


fit, z—2z;\* Z—2; 
be. -— > Fe {L1—3( 7 )[az—3 = (ex) Ax +4 yy) al} 


' Tlogctapaasa (8) B (4), Haliqem 


P+ 1) Ax — Ady — BAz = Aa, — AAx + (p* + 2) Ay —CAz=Aay, 
5 ’ 
- — BAx — CAy + (p* +12) Az = Aaz, (9) 
Re 

r is is fm; x—Xx;\2 , a Ty y—Y; a 
ee | ete, ) | eZ aldbeks crv uk 


(10) 


ee pg St im 


s ey fm; (y—y,) @— 2) 
C=3); ve a ’ (11) 


_ CaleqopaTenbHo, MorpelliHnocTH MHepIlHaJIbHOM CHCTeMbI, BBISBaHHbIe He- 
‘OUHOH ABTOKOMMeHCalHeli yCKOpeHHii, Olpezemi0oTCH CHCTeMOH JIMHeHHbIX 
juddepeHUHasIbHbIX ypaBHeHHH Cc MepeMeHHbIMH KosppuunenTaMH. 
 TIpopemem uccieqoBaHve yCTOWuYMBOCTH CHCTeMbl ABTOKOMMe€HCalMH = YyCKO- 
JeEHHU pH yCMOBMH, 4TO yXObI FHPOCKOMOB OTCYTCTBYIOT (Aden = Aay = 
= Aa,, = 0). Ja Toro paccMoTpuM YacTHBIit cmyyali, Moaraa, YTO Kospdu- 
IMeHTI CucTeMbI (9) MeHAIOTCA MeJJICEHHO MIO CpaBHeHHI0 C BpeMeHeM IIpOTeKa- 
IMA MIporeccoB B CHcTeMe aBTOKoMMeHcalHH. [lobsyAcb TaKHM MpeAMOO%Ke- 
IMeM HM MpHHuMas KosppHuUMeHTE! CucTeMbI (9) MOCTOAHHbIMH (MeTOa, «3aMOpo- 
KeHHBIX KOS PULMeHTOB»), MOXKeM CyUTb 00 yCTOHYMBOCTH ee Ha OCHOBE Xa- 
JaKTepMCTHYeCKOrO ypaBHeHHA 


p® + (nz + m2 + m2) pt + (n2ne + n2n2 + nonz — A® — BY — C*)p* + 
+ nanan? — A®y2 — Byz — C’n2 — 2ABC = 0. (12) 


Drcioya ClekyeT, YTO CHCTeMa ABTOKOMIeHCalMH PpaBHTallHOHHbIXx ycKopeHuit 
qeyCTOHUMBa, 

Ilpeo6pasyem ypaBHenve (12), BOCMOMb3OBaBLIMCh COOTHOMeHHAMH (10) 
4 (11). I[pu stom mpegznouoxuM, 4TO OObEKT HAXOHTCA B Moe CH TATOTCHHA 
Noro 3KBUBa/IeHTHOTO HeOecHOro Tesla, yyaleHHOrO Ha paccTosHHe R OT 
\OnekTa. Maccy 9KBUBaJeHTHOrO HeGecHOrO Tesla H PpaccTOAHHe BO HETO MOKHO 
qaliTH H3 yCOBHA, YTOObI COCTAaBJIAIOWLHe yCKOpeHH OT CH TATOTCHHA CO CTO- 
JOHbI 9KBUBAeHTHOrO HeGecHoro Tela ObIIM paBHbl Zr, 8, U Fz, OMpeAeACMbIM 
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cbopmyviamu (6). Bpraucienua. aor 


i ¢ 2 
mtn tne = 0, nin’ wine ining — A? BC ae 
(1 
222 — Oe JPR PD pais res g 
He Nye A’n? B iF C n2 2ABC 9 ay 


me g= Vg? +e +22. 
Tlogctapiaa (13) B (12), nomyaum 
(p? + 2?) (p? — 22%) = 0, (1) 
re 02? = g/R. 
CieqoBaTebHO, OOUlee TBHXKeHHE CHCTEMbI ABTOKOMIeHCallHH COCTOMT 


TpeX JIBYKeHHii: TapMoHMYecKoro KoOeOaHHA C NepHonoMm 71 = 20 V Ri 
KouleOaHua C TEM %Ke TepHOJOM MU HapacTaiolleH MpPONOpHoHabHO BpemeH 
AMIIMTYOH WU, HAKOHEL, allepHOMM¥eCKOrO SKCMOHEHIHaIbHO HapactTatoulel 
IBYKeHUA C TMOCTOAHHOH BpeMenu T2 = 71/2) 2 x. 

MoxKHO OTMeTHTb aHaJIOrMio MexwK]y XapaKTepOM M3MeHeHHA MOFpelliHocTe 
MHeplMaJbHOl CHCTeMbI HW JBHKeHHeM CiyTHHKa. IlepHox KomeOanua Norpery 
Hoctu 71 = 2x V R/g paBen nepvoxy oOpalleHuA CiyTHNKa, JleTAero NO Kpyy 
roBol opOuTe payuyca R BOKpyr 9KBUBAaJeHTHOrO HeOeCHOrO Tea C MepBOK KO@ 
MHYeCKOH CKOPOCTbIO 


Vi = RO= eR: (15h 


TloctosHHas BpeMenu norpemHoctu 72 = T1/2V 20 papa nocTosHHoH Bpé 
MeHH HapacTaHusa payuyca-BekTopa RCNYTHHKA, yJlaJIAIOWerocaA OT IKBUBAJIEHIy 
Horo HeOecHoro Tela CO BTOPOH KOCMHYeECKOH CKOpOCTbIO 


Ve = V2Q2R = V 2gR. (1é 


@Mu3snyecKHH CMbICJI YKa3aHHOM AHAJIOrMU COCTOMT B TOM, UTO HHeplMabHaly 
CHCTeMa CO CKOMM€HCHPOBaHHBIMM TpaBHTallHOHHbIMH YCKOPeHHAMH HaXOJMTCH 
B YCJIOBHAX, AHAJOM4HbIX OTCYTCTBHIO CHJI TATOTCHHA. 

Ha ocHosBe n31I0OxKCHHOTO MOXKHO CPHOPMYJHPOBATh CJeLyrIOUlWe TEOPeMBl. | 

Teopemal. AemokomneHcayun 2epacuMayUOHHoLx YCKOPeHULi BO Bcex mpes 
KQHQNAX UHCPUUAAbHOU CUCMeMbL NPUBOOUM K XAPAKMePUCMUUECKOMY YPACHEHUE) 
(p? + Q°)?(p? — 2 QO?) = 0 Onn noepeunocmeti KaoKed0z20 us KAHANE. 

Teopema 2. /Tepuod Konrebanun noepeunocmett unepytiarbdHoll cucmeme) 
paéer nepuody oOpaiwexus chymnuKa, cogepiuaroleco Oeuncenue no Kpyeosol opbu 
me paduyca R eokpye akeueanenmHoeo HeOeCHO2O Mead c nepeoti KOcMULeCKO CKO 
pocmow Vi = V oR. ; 

Teopema 3. [locmosnHan epemeHu HapacmaKus noepetunocmett uHep 
YUQAbHOU CUCMeMbL PABHA NOCMOAHHOU BpeMeHU OBuIKeHUA ChYMHUKA, YOANAO 
Weeocd OM IKBUBANEHMMHO2O HeOeCHO2O MeAA CO BMopoti KOCMUYEeCKOL CKOPOCMobK 
V3 = V 22eR. 

Heycto#unpoctTb HHeptMasbHbIX CHCTeM C TpeMH KaHaylamMH aBTOKOMMeHCa 
WMH TpaBUTalMOHHbIX yYCKOPpeHHH HE MOMKEeT ABHTbCA KPHTepHeM HX HelpHroy 
HOCTH. Jle10 B TOM, 4TO IPH HYJIEBbIX Ha4aJIbHbIX YCJIOBHAX WH OTCYTCTBUH YXOJOE 
PHPOCKONOB MNOPpeuIHOCTH OyAYT paBHbl HYJIO, a BCyuae HEHYJICBbIX HAY aJIbHBIX 
YCJIOBMH H MaJIbIX YXOLOB THPOCKOMNOB OHH OyAyT HapactaTb MegvienHO. IIpu 3To 
YABOCHHE HavaJIbHbIX MOPPeUIHOCTeH MpOHCXOAHT 3a BpemaA, paBHoe 0,15 T1 
rie 71 — nepuox cuctempl. CuctemMy MOxKHO ClelaTb ycTouHBo myTeM BBe} 
ACHHA NONOMHATCIbHOK BHeWIHeH HHdpopMalHn (1). 


| 


Tlocrynusio 
16 I 1961 


UMTHPOBAHHAA JIMTEPATYPA 


dock As Dro nate ps. Ba Ee Ospuapos, B. Il Cene3zmesn, JAH, 125, Nom 
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Jornxayge Akagemuu nayr CCCP 
1961. Tom 138, N35 


Sa Rae: 


TEOPHA YIIPYTOCTH 


JI. B. EPLUOB uw J. 0. UBJIEB 


OB YCTOMYUMBOCTH NOJIOCbI NPH CKATHH 


(ITpedcmaeaeno axademuxom A, IO. Huaunckum i8 XI 1960) 
; 
_ Bonpocst yctotunpoctu nosoch np cxKATHM paccMaTpUBaIMCh B paboTax 
(*, *). [lpm stom npeznosaranocb, ¥To noTeps ycToiunBocTH onpeqessetcs B. 
(CCHOBHOM H3MeHeHHeM TpaHWYHEIX yCIOBHI. ITO npeANOMOXKeHve paBHOCHsbHO 
ICOXpaHeHHIO YIeHOB OLHOTO MOpAAKa MAJOCTH B paHHUHbIX YCOBMAX mpe- 
‘HeOpexKeHHIO HMH B ypaBHeHHAX paBHOBecHsA. 
Bnepspie Ha 9TO OOcTOATeIKCTBO OOpaTH y 
BHuManue A. TO. Umauncknit (*). 

B uHactosujei pa6ote paccmaTpuBaetca 
YCTOHYHBOCTh TIocKO dopMbI paBHOBecus 
MOJIOCbI, HCXOAA U3 ypaBHeHuH paBHOBecus, 
npeljoxwenHbIx B. B. Hosoxkusioppi (°). 

PaccmoTpuM noviocy mpAMOyrosbHOli Eat abe. 
opmbr co cTopoHamu a u b, naxogauywoca 
MOA MeEMCTBUEM CKUMaIOWeroca paBHOMepHOrO 
HaBJICHHA YP, MpHJIOX%KeHHOrO K JBYM IPOTHBONOJIOX%KHBIM CTOpoHaM (puc. 1). 

BpeneM oO03HaveHHA: O,, Oy, Txyy — KOMMOHEHTHI HalpsxKeHHA; €,, €,, 
Yxy— KOMIOHEHTHI JetbopMalluii; u, v — MepeMellleHHA COOTBETCTBEHHO BJOJIb- 
oceH x HM y; G — MonyuJb cyBHra. 

_ WUccanenyerca cayuait mmockoi gedopmaluu, T.e. notepax ycroiiunBocTn 
IpOHCXOMT B MocKkocTu xOy (puc. 1). 3anMmtem CooTHOMeHHA TeOpHu ympyrux 
leopMallHii HeCyxKHMaeMBIX MaTepHasoB 


Pemrenue 3aylauu Oy eM NCKaTb B BUHe 
0 , 
Pee Oe, i. kp 8, b+ by, 20, d= Ut ae (2) 


HanpsxeHHoe CocTOxAHHe JO WoTepu yCTOHYHBOCTH ONpeAeIAeTCA BbIpaKe- 
[HAMH 


C= —p, o=0, ty =0. (3) 


IlpH HeKOTOpOM 3HaueHHH aBeHHA Pp = Pp", KOTOPOe Ha30BeM KpHTHYeCKHM, 
OSMOXKHbI HECKOJIbKO (POpM paBHOBecHxA. TaKHM oOOpa3oM, pellleHHe 3aqauu 
BOJMTCA K ONpeeJIeHHiO KOMIOHEHT BO3MYLLeHHA, KOTOPbIM IIpHMmHcaH HHeKc 
ITpHX HaBepxy. 

JA pelieHuA 3afaun culeqyeT HCHOMb30BaTb YpaBHeHHA paBHOBeCHA, rpa- 
‘MYHbIe YCJIOBHA, BbIpaKariollWe OTCYTCTBHe yCHJIMi BJOb OOKOBBIX CTOPOH, 
BA3b MexK]Yy HallpsxKeHHAMH UH JecsbopMaluamH (1). , 

YpaBHeHHA paBHOBeCHA JIA KOMMOHEHT BO3MYIIeCHHA B CJly¥ae MIOCKOli 
aay 3anucpiBaioTca B Bue (°) 
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0 


‘ PO 0 ‘ Foi) ‘ 
Fy [6, —® Try! +" Oy. Pty —<- ® oy] = 0, (4) 


0 ; ) 0 ' 0 
Ox [Ty iF wo] “eG lo, + wo Tyy] — 0, 


> I Ov’ Ou’ 
rye ow 5 | nye = “Oy ‘. 
YuuTbipad BbIpaxkenua (3), MepemuiuemM ypaBHenHs (4): 
eae 4 Otp en 4 si ees Ee he a 0 (5) 
Ox oe: OX oy 2. Ox, | Ox oy : 


SanuuleM rpaHH4Hble YyCJIOBUA: 


Oy, COS (nx) ++ Tyy COS (ny) = 0, 


(6) 


SN 


Tx CoS (nx) +, cos (ny) = 0, 


rye (x) Hu (ny) —yrubt, OOpasyemble HOPpMaJbIO K OOKOBOH pane MOJOCHI 
c ocsimu x y. M3MeneHua 1pAMOJHHeHHOH OOKOBOH PpaHHbl MOOChI pH mo- 
TePH YCTOHYAHBOCTH IIpOHCXOAAT 3a CUeT MepeMelleHHH BOSMYINeHHA UU’ HU VU’, 


o, == iQ), tt) “Tee riz, = tt (7) 


nphy=0, y=bd. 


Jl KOMMOHEHT BO3MYILEHHA CIpaBeVINBLI COOTHOWWeHHA (1) B CHy WMHel- 
HOCTH mocdeqHUX. Tomaraa uw’ = 0@/dy; v'=—d®D/Ox, yloBeTBOpHM ypaBHe- 
HHWIO HeCXKHMaeMOCcTH. 

Henowb3ya BbIpaxenua (5) u (1), Mowy4HM ypaBHeHve AVIA onpeqeneHuA 
dyHKunH ® (x, y): 


ohae b) ome) ohaed) be 
(I-) 55 +@-Wgagat Se -o (=) 


Pemienue ypaBHenus (8) OyqeM ucKaTb B BHIe 
® (x, y) = Ff (y) cos kx. 


Puce. 2 


Aisi onpeneienua dynKuun f(y) Tomyaum ypaBHenue | 


d' 3 | 
Ge — 2—y) SE 4 1 9) RP =O. (9) 


_» pannenue (9) Jlerko HHTerpupyetca. Tloce onpexentenua cbyHKunn ® (x, y) 
HaHeM u" Hv’. Iloub3ysich CooTHOWeHHAMH (1) H ypaBHeHusiMH paBHoBecHA 
(5), MOYYHM KOMNOHeHTHI Hallp#2xKeHHA BOSMYyWeHHOorO cocTosAHHA. J]A Mavib- 
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elilliero HeOOXO{HMO UMeTb CaeqyiollHe BEIpPAaKeHUaA: 


a | Gee [ 2Ci ch ky + 2Cz sh ky seat, cheVI—yy + 
aki 


‘Sere a toe: 
pees ed vy) 
S99 ee eg eee —_\].: 
z Ye er ky We Sh geecites vy) |sin ex, 


(10) 
Try = Gk? [2Ci sh ky +. 2C2 ch ky + (2 —y)CashkVI—yy + 
+ (2 —y) Cachk V1 — yy] cos kx, 


=k [Ci sh ky + Coch ky +CsshkV1—yy+CGchk V1 — yy) sin kx, 


wuyem C; (i = 1, 2, 3, 4) — npousBonbuble nocTosxHuHble. 

Iloacrapaaa cooTHowenusa (10) B rpanuunpie ycosua (7), nonyaum suuelt- 
y!0 OAHOpOsH yo CucTemy amreOpamueckux ypaBHeHHii OTHOCHTebHO 4 mpoH3- 
JIbHBIX MOCTOAHHbIX. Tak KaK B C.ly¥ae MoTepuH ycTounBocTH 3Ta cucTeMa 
JOKHa UMe€Tb HeHYJIeBOe pellleHHe, TO ee OnpesenuTeIb LOKEH ObITh paBeH 
yuo. 

Rae MoOyuaeM ypaBHeHHe AA onpeseeHHA 3Ha4eHHA KPUTMUeCKOrO 
BJICHHA: 


: 


[2 ch kb V1 —y7- chkb —1] 4 ? a ee 
— a a re... [oe aie ] v ear? 1] 
sh kb V¥1—¥7+shkb GQ+7Vi—7 i ( +7)V y ( ) 


J{18 YAOBeTBOpeHuA TeoMeTpHyecKuM YCJIOBMAM Ha KpaaX TOJIOCbI NpHMem 
¢= mxa/a, m — uvcno nosyBoaH (m>1). 

Ha puc. 2 an rpaduk KpuTuyeckoro mapametpa y2 B 3aBucumoctH oT Rb, 

OOTBETCTBYIOULHH ypaBHennio (11). Jia cpapnenna NpHBeleH aHaJIOPMYHbIK rpa- 
DUK yi, COOTBeTCTByIOuIMli XapakTepucTM4ecKomMy ypaBHeHuio padoTsi (}). 
{ak BUAHO, 21d MambIx kb (kb<0,3) 3HaueHua KpuTHuecKUx NapaMeTpoB yi H Y2 
OB alaror. 
' Ws (10) cneayer, uto nepemenmtenue v(x, y) papno uy.i0 npu x = Ou x = 5b, 
jOSTOMY ANA Malbix kb 3Ha4eHuA Y MOX*KHO CpaBHUTh C JiiepoBOi KpUTHYeCKON 
iarpy3KOH AA MpososmbHoro u3rHOa cTepxKHA C WapHupHO 3aKpenweHHDIMH 
(OHILAMM, KaK 9TO CileaHo B paOoTe (”). OTH 3HayeHHA B paccMaTpHBaeMoM 
wy4ae copmaaror. 

IIpuBosuM 3HayeHHA OTHOMIeHHH y1/y2 21a HeKoTOpbIx Rb: 

kb 0,5 0,7 1 £2 1,6 2 

t1/T2 1,28 29, 7 ee To ME 3,0 35a) 
_ Yuer @KuMaeMOCTH MaTepHasa He MpescTaBsaeT MpHHILMNMaNbHBIX TpPyA- 
focTeii, HO MIpHBOAUT K Oovlee COKHDIM BEIKalKaM. 


ABTOpbl BbIpaxKaloT UCKpeHHio1 O.larozapnocth A. IO. Umaunckomy 3a 
HHUMaHHe K paOoTe HW PAM WeHHbIX 3aMeuaHui. 


Tloctynu.i0 
14 XI 1960 


UWHTMPOBAHHAA JIMTEPATYPA 


1 Jl. C. Jlet#6eu30n, Coop, mp., 1, 1951. 2A. 10. Umauuckuid, Yxp. 
ye: wKypH., 6, Ne 2 (1954). *B. B. Hospoxua0B8, Teopua ynpyroct, 1958. 
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Jloxaaym Axaygemun nayn CCCP 
1961. Tom 138, Ni 5 


ACTPOHOMHST 


9. K. BIOTHEP 


O BPEMEHH YCTAHOBJIEHHS CTALLHOHAPHOLPO 
KOJIANECTBA KHCJIOPOAA B ATMOCDEPAX TWJIAHET, 
COJEP)KALWHX BOJAAHOM TAP 


(ITpedcmasaeno axademuxom B, I, Pecenxossim 17 IT] 1961) 


B pa6ore (?) Gbi0 BHMUCIEHO KOJIMYeCTBO BOANHOFO Napa, pacnaarouyeroes 
MO MelicTBHeM COJIHCYHOFO H3JIYYeHHA TPH COBPeMeHHDIX YCJIOBHAX B aTMO= 
ctbepe Seman ua Bpicote 70—80 kM. OOpasyioumiicn B pesyJbTaTe MMporece 
Takoro paciaa BoLopod LudpynAnpyer B OONee BHICOKHE CJION, OTKYa po 
MCXOANT ero JMCCHNALUA, a OCBOOORLAIOUMHcA B Mporecce (oTopacnaya Kn- 
cOpo mocTynaeT B aTMOC(Pepy B KOJINYECTBE, MO NOPAAKY BeVIMYAHbI PaBHOM 
10° cm? -cex™?. 

Besmunna CKOpocTH NmocTyMJieHHA CBOOOAHOFO KUCNIOpOa B aTMOcCiepy B 
ipotecce’ (POTOAMCCOMMALHH BOMbI ONpPeLeMeETCA KOJMYECTBOM MOVIEKYJIAPHOrO 
KucJopola, HMeloulerocs B aTMOCiepe, TAK KAK OH 9KPaHUpyeT BOLAND Mapbl 
OT HHTeHCHBHOrO (poTopacnala. Ecum Opt Og nNowHOCThIO OTCYTCTBOBA B 
aTmocdepe, TO CKOpocTh (poTopacnasa cocTaBliAia Obl BeJHYMHY rMopAAKa, 
10% cm? -cek~'; B HacToAee BpeMA COeprxKanne Og B aTMOCHPepe TAKOBO, TO 
oOeCNeYHBAeTCH PABCHCTBO MEXKLY KOJIH4GECTBOM Os, NOCTYNAaIOUUM B aTMocdepy 
3a cueT (OTOpacHala BObl, H KOJIMYECTBOM, YXOMAULMM HA OKCHLALLMIO MOBePX- 
HoctH (oKouio 1,5-10° em? -cex~! no reojormueckuM oleHKaM (*)). 

PasymeeTcs, B HACTOSLULee BPeMA, IPH HAJIMYAM BLICOKOPAsBUTON Onocepbl, 
H€JIb3A PACCMATPHBATh KUCJOPOANbIM Oalanc 3eMHOli aTMOc(pepbl, OPpaHn4ne| 
BaACb TpoleccaMH, MPOHCXOANWMMH B HeOpraHnueCKOM MUpPe; O4eBHAHO, 
CKOPOCTH HpoleccoB OCBOOOXRKIEHHA H TOPIOWEHHA KUCMOpOa B Onocepe 
BO MHOPO pa3 TIPeBbILAalOT COOTBETCTBYIONULNe CKOPOCTH B Mpoieccax cporopac- 
Naja BOLAHBIX MapOB H OKCHalHH 3eMHOH NOBepXHocTH. HO MOXKHO NOCTABUTh 
BONpoc — BOSMOXKHO JIM OblWIO HAKONJIeHHeE 38aMeTHOrO KOJIHNeCTBA CBOOOHOrO 
KHCOpoa B 3eMHOH aTMOCc*epe LO BOSHHKHOBeHHA OpraHnuecKOH 2KHSHH B 
pesybTatTe (boTopacnaa BOAAHbIX MapoB, OTBeT Ha STOT BONPOC MOXKHO T0- 
JY4UTb TOJIbKO OLCHHB BPeMA, HEOOXOMMOE JVI HAKOMJICHHA 8aaHHOro KOVIM= 
yecTBa KHCOpOa B 3eMHOM aTMOCdepe 3a cueT Mpollecca cporopacnaya HO 
IPH HaJIM4MM MOTepb Ha OKCHAAUMIO NOBepXHocTH. Taka OLeHKA HM MPOH3SBOANT= 
CA B HacTosuleH padore. 

PasymeetTcA, OU€Hb TPYIHO MpelcTaBUTh ceGe YCJIOBUA, MIpeMUecTBOBABIIHe 
BO3HHKHOBeEHHIO OpraHnyecKoH %M3HH Ha Gemvie. Mb Gyem noviaraTh, 4TO 
HHTCHCHBHOCTb H CHeKTPaJIbHbIlt COCTAB COJINCUHOPO H3JVYYeHHA Obi TAKHMH | 
*Ke, KAK IPH COBPeMeHHBIX YCJIOBHAX, HYTOOT BHICOTH 15 KM JO BHICoOTD! 80 KM 
aTmochepa H30TepMH4HAa CO WKaOH BHIcoT H, pasnoli 6-10° cm (noceqnee 
IIPHMEPHO COOTBETCTBYET COBPeEMeCHHOMY 3HaYeHHIO Temneparypbi ciom 15—80 KM 
IPH OTCYTCTBHH O30HHOFO MAKCHMYMa HM TOM 2Ke CpeHEM MOJIEKYJISIPHOM BeCe 
BosAyxa). byjem cuutaTb, YToO, Kak M B HACTOSIee BpemsA, ATMOC(PEPHbIe rasbl 
NOMHOCTbIO NepeMeuiaHb! 10 BbICOTHI 80 KM H BOAAHOH Nap Ha BbICOTaX OT 15 KM 
MW Jad bie cocraBsseT 2-10~° or nowHoro KoMYecTBA rasa 10 OODemy (*). Bbico= 
Ty 15 KMMbI BbIGepem B Ka¥ecTBe HavaJIbHOrO YpoBHA Zz = 0, H BHAYCHHA BCeX 
KOHICHTpalluH, OTHOCALIMXCH K 9TOMY YPOBHIO, OyeM OTMeNaTh UNeKCOM 0, 
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SHAYCHHA HAseMHIX KONLeHTpPAalM BCeX KOMNOHeHT aTmociepbl, 34 UCKJIO- 
HCHHCM BOAHOPO. apa, NO/yYaloTCA YMHOMeHHeM Nyy Ha e* (1UKAa/a BbICOT 
wxKe 15 km cunraerca papnolt 7,5 10° cM). Hloviwaa nasemnan KonenTpanna 
acTHi, aTMOcdepHoro BOsyxa NM cunTaeTcA paBHol 2,7 +10! cm~s 

B Geckucnoposnolk armocdepe nuianerpt, cojepKaieh BOLAHO nap, HuGeM 
ne 3A9KPAHHPOBAHH bi OT BOS/LCHCTBUA COMMCYHOLO H3IYYCHHA, YNCJIO AKTOB 
(poropacnasa HO 


\ 1 (2) m, (2) o,dz = I,\n, (2) Oye fe = J, (1) 
6 6 


MpHMepHO pabio /o — HHTeHCHBHOCTH NaaloNlero Ma/yYeHHA B MATepBae 
8601430 A, sbipaxkennol B doronax ua Kp, canTumetp 3a | ceK. (mpu yeuo- 
BBUH, YTO e~*:(2)4 <1), 
Ha paccroanun 150-10° km or Cova pennanna /, CoCcTaBAeT OKOJO 
10 cm™ -cex™!, Buicora, re doropacnay, npoucxosur nanGovee HHTCHCHBHO, 
Zmax 45 KM. KosnuectBo Oz, roctynaioulero rp 9TOM B atmociepy, cocTaB- 
winet 5-10" cm~*-cex™. B pesynprate HAKONJCHHA Og B armMociepe Yacrh CoV- 
HeunOH sHeprun u3 HuTepBana 1860—1430 A tparuren na (POTOJLMCCOILH ALLHIO 
MONeK YJ Oz, UM rpowece potopacnasa BOMbI, a CleoBaTebHO, K CKOPOCTh 0- 
CTYIMNCHMA KUCOPOLa B aTMOCcHepy BamejAeTCA, BLICOTA appeKTUBHOFO COA, 
THe NpenMyulecTBenHO NpoucxoyYT (oropacnal, yBesununpaercs, 
_. © TOUKM SpeHHA TOPMOULEHHA MOseKYAAPHbIM KUCMOposoM WHTepBa 
660—1430 A Moxno pasOuTb Ha jee YacTH: unTepBad a 1860—1760 A, Ha Ko- 
Topbih Mpuxosater nonocnt UWlymana — Pyure (*), rae cpelwee ceyenHe o2 
NoriomenvA O2 MoxwkHO onenUTh B 10729 ey? (cooTBeTCTBYIOWAA BeJIMUMHA JUIA 
BOMAHOLO Mapa B 9TOM HuTepBavie O1 CocTaB/aAer 0,5. 1074), /yg==8+ 10"! em7?ceK7!: 
butepBant b 1760—1430 A — xoutunyym Ilymana —Pyure, rye o2—2-10-!7ew’, 
h= 4-10-28, Jy, = 5-10" cm? cexn!, 
_ JIA MNTeHCHBHOCTH HaNyYeHHA, NpOHMKAIOULerO Ha BLICOTY 2 B atmocdepy, 
meeom 


I (2) me [ e7eleereats(a *)IH (1a) 


Bylech ny (2) — KOWMeHTPAauMA 4YACTHIL, BOMANOFO Napa; ne (Zz, Tt) — konlenTpa- 
IMA MONeKYNAPHOFO KUCOpOsa; T— BYEMA, OTCUNTHIBAeCMOEe OT MOMENTA, Kora 
My PaBHANOCh HyNIO, Ua (1) cnepyer, uro Norioulenue B KUCOpOse CTaner Ba- 


MCTHbIM, KOPJA Ny MOCTHPHET BEAMYMHbI HOpAlKa on ny. JIA wuteppasa b 970 


Iponsohi jer pH Ny = 0,2n,, 4B MATepBase a TODKO TIpH ne = 5O nm. IIpu cKo- 
DOCTH MoctyniennA Oz B armocdepy, pasuol 5-10"! cm~*-cex~!, Konnentpauna 
B ATMOCHepe CpaBHACTCA C KOHMEHTpallMe BOAAHOrO Mapa Ha BHICOTe 15 KM 
BpeMA 

2:107%.2,7-1019.8.108 


— = 30 ner 
i § 40 30 Met, 


e, wnTepBa b MpaKTM4YecKK MrHOBeHHO MepectaeT UPpaTh pob B cpoTosKe- 
uMainn MeO, 14k Kak Of NOPAOWAeTCA MOJEKYAAPHbIM KACAOPOJOM yxe TIpH 
HUTOMHO MANION KONMEHTPAUAH ero B aTMocdepe (2-10°° or nomHoro KomMueCT- 
a rasa). Iloxromy sajauy 0 Bpemenn penakcallMn B arMocdepe Conpemenuoro 
wnn4ectBa Oz MOAKHO pellaTb, NpPHHMMaA BO BHAMAHMe TOMbKO HNTepBas a. 
 B kant Moment Bpemenu v wa | cm? npoucxo_ut 


9] 
Nt) = \ o,n, (2) [ (z, t) dz (2) 
f 
ropacnajos H.O. Cxopocrh oxenpaunn aemuol lowepxnocrn 
V = Ae*ns, (7), 
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re A — noctosuuad, 3aBucsAad OT cBoiicTB noBepxHocTH. Tuco MocTyNMB- 
ux 3a Bpema ¢ MoseKkya Oz B aTMocdepy 


t ef 
X() =—\N(@ dr — | Ano (x) dt. (3) 


; 0 
Benuunny X MoxkKHO BbIPasHTb Yepes neo (ft): 
X (t) = He? ney (2). 
Tloce nogctanosky (1) B (2) MH MHTerpHpoBaHua Noyuaem 


if | (5) 


1 + Gefgo (T)/S1M10 * 


Tlocne nonxcranopku (4) u (5) B (3) HM pemieHHA TOyYeHHOrO ypaBHeHHA 
uMeeM CJlelylolllee BbIPAKeHHe JIA ONpeseneHuA ¢ MO 3aaHHOMY Mop (ft): 


7 a eT eee gh 
na”) 
N10 


oN) ) i 
N10 


(4) 


N Cc) = 


Noo 


N10 
265 
O1 
269 
O1 


N20 


oe 
4 + 2B a 
62 
1 — 2B 5 


—B (1+ 


hyo 


as In (6) 


N30 


N10 
3yeCb 


C= 


IIpu A — 0 (otcytcTBHe OKCHalHy) 


2e? Anyo 1 
TY pe toe 


: * Vit titer 


Tao 


aig hae 


B tTa61. | npHBeyenbl pesyJIbTaTbl 
fanHoro KosuuectBa Oz B MpoleHTax 


(7) 


Ca) 
264 : 


BbIUHCJICHHA BNeCMeCHH HaKOIMJICHHA 3a 
OT TNOJHOTO KOJIHYeCTBaAa Ta3a B ATMO 


N10 


ccpepe MpW ABYX Ppd3HbIX B3HAYeCHHAX BeJIHYHHBI CKOpOocTH OKCH]auwuu Il0- 
Ta6auua 1 
A = 3,3-10-” A =3,3-10-° 
Nao if Ny, t 
rs Oz, % a t,, NET = O., % - | t, eT 
10? 0,2 200 6-10 10? 0,2 200 6-108 
10° 2 1,1-104 3,3+10° 108 2 4,4-40* 3,3-108 
0,5+104 10 2,9-4105 8,7-108 4,5-108 3 2,5-104 y eco Kt) 
0),6+104 2 4,4-10° 4,8-4107 2-108 4 5,05-104 1,5-108 
0,7-104 14 6,25-105 1,9-107 3-108 6 1,6+105 48-108 
0,8+108 16 9.105 2,7-107 3,5-108 7 5-105 1,5-107 
0,9-104 18 1,33-108 4-10? 3,55-103 Ure! 
10° 20 2-108 6-107 
4, 4-404 22, 4,5-108 13,5-107 
1,12-104 22,4 


BepXHocTH. SHayeHue mocTosHHOH A = 3,3-10°!° coorBeTcTByeT CKOpocTyY 
OKCHAalHN, BbINMCNeHHOH B (7). Ec BnepHod, IpequecTBOBABLIMH BOSHUKHO: 
BCHHIO XKH3HH Ha Semvle, HE CYULECTBOBAIO KaKHX-HO0 Oomee CHAbHBIX TIpo 
WeCCOB NOPOULeHuA CBOOOAHOFO Oz 43 aTMocdepE, TO 3a BpemA OKOWIO 60 MuH 
JeT KOJIMYECTBO KHCOpOa, HaKOMMBUIerOCA B aTMocdepe 3a CUeT B3aHMO 
JCHCTBUA BOAHbIX TapOB C COJHeYHBIM H3JIy4eHHeM, JOCTHTHeET BeMUMHBI 
OIM3KOH K COBpeMeHHoMy coyepxaHuiIo Oz. Ecau xe CKOpocTb oKcHalM 
Oblia Ha NOPpALOK Soubute cpeqHeH, TO KOMM4YeECTBO HAKONMBIerOCA KUCMOPOL 
cocTaBiIAIO OKONO 7% OT NOMHOrO KosMYeCTBa ra3a. Kak Mbl BUMM, BpeMA 
HeEOOXOAMMOE JWI YCTAHOBCHHA COLepxKaHHA CBOOOAHOTO KUCMOposa, O13 
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Oro K CTallMOHApHOMY KOJIMYECTBY, MaJIO 10 CpaBHeHHIO C BO3PaCTOM TaHeTbI. 
OSTOMY €CTb OCHOBAHHA MpesnosaraTb, YTO BOSHMKHOBEHHME X%KUBOFO BeULeECTBA 
Ha SemuJe MpoucxosHO yxKe IPH HanM4HM HeKOTOPOrO OMpeseeHHOrO KOJIH- 
yecTBa CBOOOHOrO KHCOposa B aTMocpepe. 

 B cBx3u c BelCKa3bIBaBLIMMCA MpesMONOX*KeHUeM O TOM, ITO B KHCMIOPOHOM 
OallaHce 3eMHOH aTMOCciepbI Mor Korga-JIMO0 UrpaTb povib pomecc cporopac- 
maya COz (°), OleHHM CpaBHUTebHYIO MHTeCHCHBHOCTb 3TOFO Tipouecca. bye 
_CUHHTAaTb (YTO ABJIACTCA OYEBHAHDIM MpeyBeMYeHHeM) OTHOCHTe/IbHYIO KOH- 
WeHTpatuio yacTui COz jo Bpicotpt 120 km papnoi 3:10~4 of nomHoro KouH- 
yectBa ra3a. Ilopor cdoroszuccounanun COz Ao = 1690A, mMakcumasibHoe ceuenne 
‘MOrioueHHA Os, paBpHoe 4-107!" cm’, nexuT okosio 1500A. Ilpu coppemennom 
cowepxKanun Oz B aTmocdepe (°) HanGouee HHTeHCUBHAA (poTosMccomuMaluA CO, 
AOWKHA MpOUCXOAMTb Ha BbICoTe OKOJIO 115 KM, Tak Kak B GOovlee riy6OKUXx 
COAX KOHTHHYYyM LyMana — Pynre cuJibHo oca6eH 3a CueT NormouleHHA Ov. 
Tomax msotHoct raza Ha Bpicote 115 Km oKoulo 107! r/em®, p = 24. Kon- 
pana yactul, COz Ha Bpicote 115 KM mp HaLieM mpeMomox*KeHHU O TOWJI- 
HOM ITI€pe€MelIMBaHHH ero JO YTOK BbICOTHI N30-~7,5°10’cm *. TlomHoe uneio 
otopacnagos COz, mpovcxosauee Ha ypoBuem 115 Km, corsacno dbopmyuie (1) 
eCTb 


- Lal l —e-%tw]  T Ssttgglf = 10’ cm - cex™}, 


.- €. Topa3fo MeHbile, 4eM 4HCO cboTopacnazon H2O. Takoe HepapencTBo 
_ COXpaHAJIOCh, pasyMeeTCA, Ip JOOOM Cosep2KaHHH MOJIeEKYJAPHOTO KUCMOposa 
B 3eMHOM aTMocdepe, Tak KaK OHO OOycJIOB/IeEHO TeM OOCTOATE/bCTBOM, 4TO 
_mopor doroyucconmannn COz wexKUT B Ipesemax KonTHHyyma Llymana — Pyn- 
‘re, a BO,AHOH Map pacnagaetca 3a cueT M31y4eHUA B HHTepBase 1860—1760 A, 
Ha KOTOpBIN MpHxosATcA Topa3yo Souee cabbie novochr UWlymana — Pyure B 


_ cieKTpe morviowjeHua Os. 


i Tnapnaa reopu3snueckan o6ceppatTopux Tlocrynuo 
uM. A. H. Boelixona 19 XI 1960 
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Jlokxnaye Akagemun taynr CCCP 
1961. Tom 138, Ni 5 


MATEMATHYUECKAS PH3HKA 


NM. E. KPACHYUIKHH 
PEWIEHHE KPAEBOH SANAUH PACIPOCTPAHEHHS! PAJMOBOJIH 
BOKP YI 3EMJIM C YUETOM OCHOBHbIX TEO®HU3M4UECKHX 
PAK TOPOB 
(ITpedcmaeaexo axademuxom H. H. Boeoawboevm 2 IT 1961) 


_ PaccMaTpwBaeman 3yecb 3afaua ABJIAeTCA Beer clyyaem pemlenua (1) 
AA Tpex chepuyeckux canoes: O-i coi, 0O< r<Ca— Seman paguyca a, 


r= E00 =Egg= ey +i-4too/w, rae eyu a he Ove 3aBUCAT OT r, a bog: =0; 
U-Aicnov#, aqr<\c — usealbuan aTmochepa, &, = &y=lgp= 1, egy = 0; 
-H COU, C << r << co — Monochepa, paccmaTpuBaemad Kak 3IeKTPOHHO-HOHHAA 
1a3Ma, nomenlennast B BepTHKaJbHOM MarHUTHOM Move seman Ho, Xapaktepu- 
yeMax 3IeKTPOHHON KoHnWeHTpainen N, (r) UM YacTOTOM CTOJIKHOBeHHM Very (7) 
JIGCKTPpOHOB C JpyrHMH U“acTHILaMH. : 

 YUNTHIBAA TOJIbKO JBHKeHHe 3JIEKTPOHOB H lpeHeOperaa cxKMMaeMOCTbIO 


T11a3Mbl, 3alHiIeM KOMMOHeHTbHI TeH30pa JMIIeKTpH4YecKOH NMocTOAHHOH 


i 
wary cal > v9 4mN ,e* , 
3 4° -4-i3.\? Grane i ah 
} 5 y | uv (4 + is) ® pitty eH (1) 
I aoe? (4+ is)? —n?’ : i mow’ 
r <2 ivu haere Vofi 
i beg == — Foo = is 8 ah lean ar 


rie ® — YacToTa KoNeOaHHi BOsOyxLaIOlNMX OMe TOKOB; C — CKOpOcTh cBeTa; 
é@ Um — 3apay MW Macca aueKTpoHa, Ny UM Ves; ABJIAIOTCA HEMpepbIBHbIMA KM AUCp- 
«pepenmupyemimn B HHTepBasle (c, 00) (yuKunamn r, Tipu4em B (c, d) OHM Tpo- 
M3BOJIbHBI, a B (fF > d) (9K30Cctepa UM BHELIHee mpoctpanicr#o) OHH MeHAIOTCA 
‘eTo.1b MejVWIeHHO, uTO IIpH AOcTaTOuHO G6OWIbUIOM fo > dB (rf > fo) AIA BOMHOBDIX 
lypaBHeHuit cipaBesiuBo mpHOMxKeHHeE reoMeTpHuecKoii ONTHKH, 

Kak culenyer us (1), 3aqaua cocToNT B HaxOx*K EHH CTalMOHapHoro pelieHna 
‘ypaspHenu Makcsesma Mp cooTBeTcTByIOWMxX ycClOBHAX B f= 0 HF > oo 
uM yCIIOBHAX Ha pa3spbiBax cCpeAbI IpUr =aunr=c. PKelaA MCKJUOUNTh U3 
“paccMoTpeHuA CIIMOWHOH CcHeKTp Y, 3a4MeCHHM yCJOBHe orpaHu4ueHHocTH mpH 
[- = 0 ycIoBveM OTCYTCTBHA BOJIH, OeryulHx OT WeHTpa Semin. OOulee pemenne 
ia funona Tepia onucppaetca cbopmysamn (14’) u3 ('). Tlocrpoum renepb 
KOHKpeTHoe pellienve JIA TpeXCIOHHOH Ccpesbl. 

OnepatTop HopMadibubIx BouH L, cormacuo (5) nu (9) u3 (*) 6yxeT 


k 
d dy" Vd ie ie Ae 
rer = =~ =| + pel Y" — irrke®. a | ~Z" = yy" (2) 
TL &99 E09 
d2zh ~ eh, dy" h ‘ 
ge +rRe° + irk —~——=yZ", k= 0, 1, 2, (3) 
dr? Et dr 
Tip yculoBuAx Ha rpaHHlax CJ10eB 
‘ ti dy *t1 dz dzk {1 
ark] __ yht hk h+1 eee ve a 
P/ Pe MZ Ley =Z |r,’ rk dr het dr rk dr re 
(4) 
2 ~~ a 
~ & rahe Leak: 
Se ee ~ in [ 22 
Ee 60 + 29 ’ aN Gy, ar ra ik * zi Md 


Pemenus ypaBHenuit (2), (3) B caoax O u | BbIpaxkaioTca Yepes JIMHeHHBE 


KoMOuHALHM ccbepHueckHX dyHkunii Beccera h’” (p) = * Hy"(9) 0 hP(p) 


= H®(o), moasToMy, BBeqA AByxXapryMeHTHbIe (byHKWHH 


AD (kx) A?) (kx) 


¢ | Aen) AP) 
i: = — ; IRE E5 Soe Sey ve tie 2 (9 ; 
Dy (X, ¥) 9 ey (ky) A®) (ky) ? (ecry2) 5) acy (ky) A (2) (ky) ; 
(5) 
; |AD (kx) hb (Rx) kan AY (kx) h® (kx)| & 
Dy (x’, y) => Be (2) D(x, y) = "2 Way eer) i 
2 |p (ky) nh? (ky) hy’ (ky) hy” (ky) 


3amuuiem pellenve (2), (3) B coe aTMocdepbl, yOBeTBopsrlollee ycmoBuio (4) 
Ip ro= a WH yCOBMIO H3lyYeHuA B r_, = O, B Bue 


Y = C,{Dy(r, a’) —ZyD, (r, a)} = GW, (r, a’); (5) 
20410, (n0) Pia) = Da 
h® (k V & a) Veoh? (k V ea) 


—MmneqaHubt SemMiH WWdIs 


He fu = eA eV boa)? «ADC V ea) 
ccbepHuecKHX BOJH BepTHKaJIbHoH (Z,) HM TOpH30HTaIbHoH (Z,) NouApH3a- 
wut. IIpu oo = co Z,—0, Z, > 00 4H Y, Z  TepexoqAT B  COOTBeT- 
CTBYIOUIHe BbIpakeHHa Oe3 YepTE. ToukaMH o603HaY¥eHbI MIpOW3BOZHbIe MO 
apryMeHTy dyHkunHi A,. Ypaspnenua (2), (3) Bo 2-M cyloe HMewT 4e-! 
TbIpPe H€3aBHCHMBIX pelleHua. B BepxXHeH uacTH cloA (rf > d) OHM MoryT OBITb. 
TIpeACTaBJIeHbI OeryLMMH BOJIHAMH B HallpaBJleHHAx fr > 0 HW fF > oo ByX TH- 
T1OB: OObIKHOBeHHOM HW HeOObIKHOBeHHOH. AHaJIHTHYeCKHe MpOMOJMKeHHA UX B. 
o6macTb (C << r < d) onpelenAT uHTepecyioulMe Hac 4 He3aBHCHMbIX pelleHHA 
(2), (3). YcnoBuio Mp fF — oo YJOBJETBOPAT TOMbKO Ba pelleHHA, Mepexo- 
yale B yOeraiolHe B O€CKOHEYHOCTS BOJIHBI. CHaO IMB UX CHMBOJIOM O (OObIKHO- 
BeHHas) H € (HEOObIKHOBeHHAA), 3alHIeM pellieHHe ypaBHeHnl (2), (3) B(ry= 
ea ut <a (OO) 


Ke (7, x) = Ca¥ e (r, x) +CaYo (7, x); (8) 


2 (1, X) = CaZe (r, x) + CaZo (rs 1). (9) 
Koukpetuaa dopma (8), (9) QA Mpov3sBombHEIX dynKuuh N, (r) u v (r) 
B OOacTH, re MpOUCXOLMT B3aHMOJeCHCTBHE, T. e€. IIpeBpallleHHe BOJH O B BOJI- 
Hbl@é M OOpaTHO, a Take UX OTPaxkKeHHe, MOMyYeHa, AaBTOPOM MeETOJOM YH- 
CJI€CHHOrO HHTerpHpOBaHuA Ha OpiCTpOJeHCTBYIOWLel S/IeKTPOHHOM MalllHHe. 
Jima Toro uToOpt pemienna (6), (7) u (8), (9) MpeBpaTuauch B COOCTBeHHBIe 
(byHKunH onepatopa L,, clelyeT yOBeTBOpHTb MoceqHemy ycsloBuro (4) 
B TOUKEe f;—= C, OHO [aeT YeTHIpe OMHOPOAHBIX aJlreOpavyecKUX ypaBHeHHA WIA 
Ci, C2, Cs u Ca. YenoBue COBMeCTHOCTH 3TOM CHCTeMbI ypaBHeHHli MOXKHO 3arlH- 
caTb B (bopme : 
[AD», (atc) = IyDy; (a’, c)|[ RD, (a, c’) —I2D,, (a, 0)| ae 


4 


es 7 ) 7 7 Tyan eee 
— <7 |[kDy @ = TDG, c)| [Po a,c’) — ED, )]= 0, (10) 
re BBeeHbI Culeqyioulwe OOO3HaYeHHA: 


Le VV) 2. = (Zaz ee (ZY) 


(11) 


”? 


I 


TS (VaY hae eee (Zl¥ 


rF=c? 
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Bygem naspipatp J, /2, J) u [2 uMneqaHuaMu OOBIKHOBeHHBIX H HeOOBIKHO- 
€HHbIX BOJIH BEPTHKANbHOH HM FOPH3OHTAIbHOH NOAApUsalMH, a xe ux? — Koa(p- 
MIMCHTAMM MOJIAPH3aNMH COOTBETCTBYIONIMX BOJIH Ha rpanune r =c. SH 
BeIMYHH, ABJAIOWMeCA PYHKIUMAMM YX (MIM yruia Magenua § BowHE Ha 2-ii 
lo, paBHoro arc sin Ba MOJHOCTHIO Ope eIAIOT OTPaKaTeJIbHble CBOLCTBA 
2-ro cnoa. CopmecrHo ¢ ummegqantamn cnoa 3emau Z, 4 Zz OHM ONpemesAtoT Bce 
[apaMetpbl HOpMaJbHEIX BOTH v;, Nj u x; = (C2/C,);, HasbiBaemoro KosdbulHeH- 
TOM Nomapusauun. BowHoBble wucna v; — KOpHu TpaHcleHsenTHOrO ypaBue- 
Hua (10). Kosppunnents x; onpezeisorca u3 pemenusa (4) np f= c: 


ip ge kD, Cony, D,. (ene) 


,, Mya hee = = (12) 
' yt -#D, (ce, a) — 2 D,(¢, a) 

§ Hopmupyiomnn cbaxtop N; 8 (11’)\3 () moxuo IIpecTaBUTb Tak: 

aN Dats) 3 

a ee 2 J f (v) i 
‘ Np Gs ove et | ov ate _ (18) 


rye / (v) —1eBaa YacTb ypaBuenua (10), npencraBaennas B Buse kD, (a’, c’) — 


4 aD (a’, c). Torga Bbipaxkenve In noTenunasos Bu A, manHoe B (14’) u3 (') 
} Ji CJIOA aTMocdephl, 


‘pe Dy (rt, a’) D,, (0, a’) (2v; + 1) 


i: Dy (C, @) i => 8); 14 
cb? i= sin ee, (c, a’) [af/ov}, : P j [cos (x )] ( ) 


mp 2, % Dy (ra) D, (6, a) (2v;+4) 


cb2 + . 7 
=, sinv a D, {c, a’) lof/0v),, 


A — 


[cos (% — 9)], (15) 


Mi 
j 

se P — 9eKTpuyueckuii MoMeHT Aunona Tepma. 

_ PaccMoTp¥M HeCKOJIbKO 4aCTHEIX culyyaes. 


I. Ho =0 Torja &), = 04 ypapuenne (10) na V; paculelisaetca Ha ja: 
kD, (a’, c’) — I,D,, (a4, a) = 0; (16) 


‘ kD,, (@, ¢’) — 2D, @, 0) = 0. a ig 


f 
‘leppoe nopoxjaer cneKtTp HOPMAaJIbHbIX BOJH Tuna TH;, Bropoe — Tuna TE). 
JcTaBuM sTy KaccuduKkanHio Aaa Ho =-0 Ha3bIBad BOJHBI KBa3H-7H uan TE 
3 3ABHMCHMOCTH OT Toro, BO 4TO OHH NepexogaT mpu Ho = 0. 

Il, BowtHoBpoaHHit CvLy Gan Brat con a.- Ho = 0,0. wi van 
TOCTOAHHEI B (c, co). Torga | ez] = €, + le) M pemenuamu (8), (9) OyazyT 


ty (kV e2r). Ypasnenne (16) yupocturca: 
ee wee AY (bk Ve 
‘be (a’, C’) 1 | " ( Vee) 

; Z Ve hy (k V é20) 


IIpu sameue h'” (k V 0a) ua Jy (k V ea) ono copmagaeT c BaTCOHOBCKUM 
(@"), ctp. 561). Hecymecrsenxoe np 400/@ Ss 1 pasangne B Z, o6ycaoB- 
[exo Tem, uTo BaTcon yunTpBan cimoWHOi ceKTp, CBA3aHHbIli c r = 0. Ypas- 
fenve (16’) umeer Tpu BeTBH v,: v; (0, a), Vv; (a, C) MU Vp (c, 00), CBA3AHHBIe CO- 
TBETCTBCHHO CO CloamH 0, 1 u 2. Mamoe 3aTyxXaHue HMeIOT TOMbKO V; (a, Cc), 
lepexofallMe Ip &2 —+ co WH £0 — oo B Hflea/IbHble HOPMAJIbHbIe BOJIHbI BOJIHO- 
soa C MeTaJIJIHYeCKHMH CTeHKaMH fF =a Hr =. 

Il. [aockuh BoaAHOBO, NosyyuMnpu mepexoze B pelieHHH K 


->oo. BBejleM JIMHeliHoe BOHOBOe YHCIO V = v/a HM MAMHelHOe paccTosHHe 
= a uw 3aMeHuM cdbyHkunu Av JeOaepckuMM MpHOIMxKeHUAMH BOOacTH | TO 
atcony ((7), puc. 22). Torga aa & — co MomyauM ypaBHenHe 
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|p, (a’, 0) =0. (16’) 


ke Va pote Bers “ke es Se 

sin | [eds Be jen{ PETE co VV 1-(2Y ar = 0. (16" 

ka ‘ \Ve aT ka ei 
SaMeHAA CTOAILMH B apfyMeHTaX TpHrOHOMeTpH4ecKuX PYHKUMK asoBpl 
MuTerpad ero MpHO1MxKeHHBIM BEIparxkeHvem (c — a) V2 —¥?, nonyaum ypas 
HeHve JIA Vv; (a, c) padots (°), BbIBeZeHHOe aBTOpaMH JWI MJIOCKOH 3eMJl 
(cm. Takxe (8)). IIpu ka — oo cneKTpbI BeTEeH V; (0, a) M Vv, (Cc, 00), HadHHalo 
HMeCA B OKPeCTHOCTAX TOYeK V = k Veo u kV &2, craHoBATCA CIOLIHEIMY| 
a COOTBeTCTBYIOIUIMe HM CyMMpI (14) peBpalilaioTca B MHTerpasbl, HCHTHYHbIE 
KOHTYPHbIM HHTerpasaM Mo OeperaM paspe30B OT TO¥eK BeTBeHHH k Vel 
uk V e2. Kak u3pectuo u3 paOor (1°), OHH OMMCbIBaIOT TaK Ha3bIBaeMBIe 60 
KOBbI¢ BOJIHbI. OHM CO3faloTCa CYMMA@MM HOPMAJIbHBIX BOJIH, JIOKaJIM30BaH 
HbIX H paCIpOCTpaHsIOULAXCA B BOMHOBOLHBIX COAX (0, a) M (Cc, cc) MH HeMHOTrG 
NpOCayHBaIollHXCA B OCHOBHOM BOJIHOBOJHEIM KaHad (a, C). BoKoBbIe BOJIHBI HE 

UPpaloT pOJIM B JaIbHeM ToJle H3-3a CHIbHOrO 3aTyXaHHA. 
IV. Lubpakuuvouuua ceayuak, Wpu Ao=O0 WW f= 
ypaBHeHue (16’) npeoOpasyeTca K BUY 
A (ka) =2Z BY) (Roeea0, (16”) 
uTO COBMayaeT (c oropopKol B cay4ae II) c dopmysnou Batcona ((2°), eTp. 98)! 
Ono JlaeT Be BeTBH v0; a) ul ie (a, co), HAYHHAIONMeECA B OKPeCTHOCTAX TOUeK 


= D 
v =kaV e& uv = ka. Baxwuaa qa MIpaKTHKU BeTBb V; (a, oo) Oblwia BrepBHIE 
ucculeqopaHa B. A. BaegenckuM B cepHu paoorT (°). OH Hcnomb30Bal Npu6mH4 


2kenve JIe6aa B o6mactu 2 ((?), puc. 22) naa AS (ka) uw B o6nacTu | gna 
A, (kV éoa). B stom mpu6nmxKenuu (16”) 6yzeT: 
aa bal ia aS 
te[-t 4 \V/ 1—(%4) do] = — 2 Vp Ba) Veg = a. 
Ra 
Ero Jlerko npeoOpa30BaTb K ypaBHeHHio :basoBoro HHTerpawa 
: : Vee V ve (ka? —V ve, (ka)? ‘ 
BE te (ep see i = 2n(j +). 
e Ps V vi — (ka)? - Vee £9 (ka)? 
Mnea Oxkepcules (1) noyuHTb ypaBHeHHe (pa3zoBoro MHTerpasa HelocpesCcTBeH- 
HO H3 ypaBHeHul (2), (3), Kak 9TO JeaeTCA B KBaHTOBOM MeXaHHkKe JIA CaMmo- 
COMPAVKCHHBIX OMlepaTOpOB, He JOBeyeHa JO KOHIa, TAK KaK OepaTop Hop- 
MaJIbHbIX BOJH L, (*) HeCaMOCONpsAxKeHHEI MW TeopHA MOcTpoeHuaA a Hero} 
ypaBHeHuA casoBporo MuTerpada JO CHX MOp OTCyTCTByeT. 
V, Cayuat 3ommMepheabga(”) nory4HM “3 Mpexsiyulero mp 
a — oo, Kora BeTsu vj (0, a) H v; (a, co) NepexoxaT B CHOMIHEIE CII€KTpHI, 
a cyMMpI (14) — B uuTerpambt Qe u Q padorsi (1?) no 6eperamM pa3pe3o0B OT TO-M 
uek BeTBJIeHHA V = kV & uv =k. Uckmouenue cocrapaser H30JIMpOBaHHoe 


coOcTBeHHOe 3HaYeHHe BeTBH V; (a, co) C BOJHOBLIM 4HCuIOM Vp =RV e0/V 1 +2, 
olpeyemaioulee BOHY LleHHeKa. 
Matematuyeckuli wucTHTyT uM. B. A. Crekslospa Tlocrynus0 
AxajlemuH Hayk CCCP 5 1 1961 
UHMTHPOBAHHAA JIMTEPATYPA 

1Tl E. Kpacuym xuu, JIAH, 138, Nod (1961). 2G. N. Watson, a) Proc. 
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163 (1936).; 6) 6, B. 11, 1647 (1936); B) 7, B. 16, 1837 (1937). 4B. A. ®ox, Dudbpaxuua 
PaMOBOIH BOKPyr 3emMHOM noBepxuoctTu, M3n. AH CCCP, 1946. 5® H. Bremme er, Terres- 
trial Radiowaves, 1949. ®O. Rydbeck, Trans. Chalmers Univ., Gothenburg, Swe- 
den, 1944. 7T. H. Batcou, Teopna Geccenessix dbyukunit, WI, 1949. 811. A. P A- 
3HH, JI. Ms Bpexopcxkux, Has. AH CCCP, cep. cpu3., 10, Ne 3, 285 (1946),) 
9 JI. M. BpexospeKux, Bosnst B caoncrstx cpenax, Way. AH CCCP, 1957. 29 H. Ot t,] 
Ann. d. Phys., 41, 443 (1942); 43, 393 (1943). ™%T. L. Eckersley, a) Proc. Roy. 
Soc., 182, 83 (1931); 6) 136, 499 (1932); B) 137, 158 (1932).; r) T. L. Eckers|l ey, Mi I+ 
ington, Phil. Trans. Roy. Soc., p. 273, 10 VI (1938). 12 A. 30mme pbeapg, 
JAudpepenHabuble ypaBHeHHA B YaCTHBIX MpOH3BOJHEIX cu3suxu, ra. 6, WJ, 1950. 
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i PHZHKA 


Unen-koppecnonjent AH CCCP J. ®. BEPEWATHH, 
A. A. CEMEPYUAH u C. B. NOMOBA 


: MCCJIEMOBAHWE IJIEKTPHYUECKOLO COMPOTMBJIEHHA EPH SI, 
_ JIAHTAHA HW HEOJMMA MPH JABJIEHH AX AO 250000 KT /cm? 


Hactosmaa pa6ota aBaaetca mpolom«Kenuem padotst (1, 7) no cuctematu- 
"eCKOMY HCCVIeOBaHHIO SNEKTPHYECKOFO CONPOTHBJICHHA METAJJIOB Ip jaBule- 
auax 0 250 000 xI'/em?. Bce TPM UCCeAOBaHHbIX SJIEMeHTa — Wepuli, aHTan 
HeOAMM — TIpHHadexKaT K Tpymne JaHTaHHJOB; OHM OblaM UCCHe_OBAaHbI 
A Bpwmkmenom (3) fo gaBienua 100 ar. 
250-109 «lfc? Bplio ycTaHOBJIeHO, 4TO BCe TpH 9we- 
MeHTa HMeIOT MHHUMYyM 9JIeKTpuyecKoro 
CONPOTHBJIeHHA B HHTepBate aBnennit 


100 
* 
$ 
= 095 
s 
& & 
i sS 
090 
200 
Haepy3Ka 
i 0 100 200 300m 50 700 750 200 105 Ki en3 
’ Haepyska npecca Aabnenue 
f 
Puc. 1. Tapuposounan xpu- Puc. 2, M3menenne smexTpu- 
Bast KaMEPbl BbICOKOFO JaBue- yeckoro compotuBsenua R/R3o 


HHA WepHA To], TaBJIeHHemM 


9 000 — 100 000 xT'/em?. Munumym saextpuuecKoro CONPOTHBJICHHA Wepus 
doTBerctByet P = 70 000 KI'/cm?, 3arem ono Bospactaer, JocTurat MaKcumyma 
ou P = 90 000 xI'/em?, nocne storo BHoBb magaer. Jia santana MHHUMYM 
KEKTPHYCCKOrO COMPOTHBeHHA MexKUT mpH P = 90 000 KI/cm?, nocae yero 
10 H€CKOJIbKO BO3pacTaeT; Bo3pacTanue mpoyouKaetca to 100 000 KI /em?. 
O0MM, TO AanHbiM BpwwKMena, uMeeT MUHUMYM 9/1eKTpHYecKOrO CompoTuB- 
Hua mpH P = 70 000 xI/cm?, ganpme, yo 100 000 KI/cm?, CONpOTHBJIeHHe 
laBHO BOSpactaeT. IlocKouJIbKy B yKa3aHHOM J\Mala30He aBeHHIi XO 9/1eK- 
MuecKOrO CONPOTHBJICHHA WepHA, MaHTaHa MW HEOAMMA He ABJIACTCH M1aBHBIM, 

EACTABIANOCh HHTEPCCHBIM HCCJIEMOBaTb XAPaKTep H3MEHEHMA SEKTPUYeECKOrO 
MpOTHBJCHHA HM TIpH Oovlee BbICOKMX aBeHHAX. Hamwunve makcumyMoB 
€KTPH4eCKOrO COMPOTHBEHHA, TaK %Ke KaK HM CKa4YKOOOpasHbIe U3MeHeHHA, 

‘A3bIBalOT Ha MOMMMOp(puble MpeBpallleHHA, KOTOpbIe TIpeTepneBaeT uccseqye- 
i BelLeCTBO NOX LaBsJeHnem. 

-B KaMepe BbICOKOrO JaBJICHHA, MO3BOJIAIONIeH MOyuaTb aBseHuA 0 

J 000 xI/cm?, Grito ucceqoBaHO U3MeHEHHe J1eKTPHYeCKOrO CONPOTHB.eHHA 


HA, JaHTaHa WM HeoquMa. TapHpoBouHad KpHBad KaMepbl MpHBelena Ha 
e. 1. 
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Ha puc. 2 mpvBefleHa KpHBad H3MCHEHHA SJIEKTPHYeCKOFO COMPOTHBJeHH 
nepun R/Rso c 1aBsienvem (Rso — conpoTuBsenue pu jaBsenuu 30 000 aT. 
Kak BUHO U3 KPUBOH, 9JIEKTpHYeCKoe COMNpPOTHBJIeHHe WepHA HMeeT MHHUMYI 
mp Japaenun 55 000 xI/cm?, qamee OHO BOSpacTaeT, JOCTHraA MaKCHMaJIbHOr\ 
3Hayenua mpu 80000 xI/cm®. Tlo-suyumMomy, MaKCHMyM 93JIeKTpHyecKoro co 
IIPOTHBJICHHA WepuA CBHeTebCTBYeT O TOAMMOppHOM IpeBpalleHHu, mpd 
HCXOAAILeEM Tp 9TOM aBJIeHHH. 

Ha puc. 3 mpelcTaBieHb! KpHBble H3MCHEHHA SJIEKTPHYeCKOTO COMpOTHBIE 
HHA JaHTaHa. Bp B3AT JaHTaH JBYX cTeneHeH uHCTOTHI: MapKH La-I (a) 
Mapku x. 4. (6). | 

Coyep2kanve MpuMecel (B MpOWeHTax) B JlaHTaHe 9THX MapOK CuJlelyrouled 


La-I: Nd0,75; Pr0,70; Fe0,04 
Lax.  SNd0:3 3 8 Pr Ore hed:02 


Kak BHHO H3 MpHBeJeHHbIX pe3ywJIbTATOB, 3afpASHeHHbIN JIaHTaH He UMee 
HHKAKUX OCOOeHHOCTeH Ha KPHBOM H3MeHeHHA SJIEKTpHYeCKOrO COMPOTHBJIeHHA 

SeKTpHyecKoe COMPOTHBJeHHe XH 
MMYeCKH YMCTOFO JaHTaHa CHavasia m4 
jlaeT, JOCTHrad TepBoro MHHHMYMa Ip 
WaBsleHuu oKos0 95000 atTm., 3arTer 
OU€CHb He3HAYHTeJIbHO BO3pacTaeT, JC 
cTuraa MakcuMyma upH 110 000 atm. 
mocyle 4YerO pe3KO TayaeT (yYMeHbIIeHH 
3JI€EKTpHYeCKOrO COMPOTHBJICHHA HE 


Haepy3Ka 


200 =~ 300m Q80 
Haepyska 


50 100 150 200-103xi/cn2 


50 


100 150-105 xf {cms 
adnenue 

A Aabnenue 

Puc. 3. Usmenenue smextpnueckoro Puc. 4. Vamenenne smextpyue- 
conpoTupienua R/Rsg9 danTaHa nox ckoro compoTuBieHHa R/R30 Heo- 
aBeHHeM: @ — JlaHTaH MapKu La-l, WuMa Tox JaBieHHem 


6 — MapKu x. 4. 


BeJIMKO, MeHbie 1%), 3aTeM BHOBb BO3pacTaeT, JocTuraeT MaKCHMyMa Ip 
Aapnenuu oKolo 140000 xT/em? uw muiaBHo magaer BnvioTh Wo jaBseH | 
250 000 xI/em?. Moxuo nouvarath, 4to JlaHTaH, Tak *%Ke KaK M WepHH, mpere 
N€BAeT TlOJIMMOpHOe NpeBpauleHve, HO pH HeECKOMbKO GOVIbIIeM JLaBAeHH 
(P = 110000 xI/cm?). 

Ha pue. 4 n306paxen xon SJIEKTPHYeCKOTO COMPOTHBJICHHA HeOHMa C Hd 
MCHCHHeM JaBjleHud. MHHMMYM 9JIeKTpH4ecKOrO CONpOTHBJeHHA HeOLUMa Hi 
Omofaetca pH JaBnenuu 80 000 KI’/em?, 3aTem He3HauHTebHO BospacTae’ 
AocTHrad MakcuMymMa oKos0 90 000 xI/cm?, u npu aambHelimem BO3SpacTaHH 
AaBICHNA NOBOJIbHO pesKo najlaeT. Ilo-BuMMOMY, HeOAMM, KaK aHTaH nepnip 
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peTepmesaeT NOMMOppHBI mepexol mpu WaBlenun oKo.t0 90 000 KI /cm?. 
JeqyeT 3aMeTHTb, 4TO HeCOBMayeHHe MAKCHMYMOB H MHHHMYMOB KDPHBbIXx 
M3MeCHeCHHA ZJIEKTPpH4eCKOrO COMPOTHBJICEHHA WepHA MW HeOsMMa C JaHHbIMH 
Bpuekmena BHIXOLHT 3a peel HETOUHOCTH OMpeleeHHA MaBeHHA TO Tpa- 
Wyuposounoli Kpupoii (cm. puc. 1), KoTopad B 9TOM J\MamasoHe MaBseHHH He 
Tpesocxolut 5000 atm. Bo3MoxKHO, 4TO 9TO BbISBAHO pa3/IMYHOM CTeMeHbIO XH- 
MUYECKON YHCTOTHI HCCJIEMOBaHHbIX MAaTepHaJOB. 

_ CocraB mpumeceit (B mpolleHTax) B HeOHMe HM WepHu Cue YOUN: 


Ce: meee 5: Py <e0i 70; Repl -10-%)) Cd 451073; 5 Pb de f0435 Bis-40-%; Sn 10°% 
- Sm 410;- Pr u La ne o6n. tysets. 0,36; Ca 2-107 


i" Bce u3MepeHHA MpOBOAHJIHCb pH KOMHAaTHOH Temmepatype Ha oOpasiyax 
MeTAJIJIOB, BbINOJIHCHHBIX B BUe MpoBosoyeK JuametTpom | —~ 1,5 mM. 

' B janbuelimem MbI Mombiraemca Teopetuuecku HCTONKOBATB De3YJIbTAaThI 
Tpesbiyuiux pador (+, *) uw HacTosmeh padortet. 


rN 

4 UnerutyT (u3ukKH BbICOKHX aBJleHHlt Tloctynuuio 

b Axajemun nay CCCP 411i 1961 

3 - IMTHPOBAHHAS JIMNTEPATYPA 

a adie, Bepemarwunh, A. A. Cemepuan 4u op. JAH, 136, Ne 2 (1961). 
2 JI. ®. Bepemarun, A. A. Cemepuan 4H Op., JAK, 138, Ne 1 (1961). 
SP. W. Bridgman, Proc. Am. Acad. Arts and Sci., 8 , 165 (1952). 
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Jloxanayon AnagqemMun nayr CCCP 
1961. Tom’ 138, Ne 5 


TEXHHYECKAA PH3HKA, 
WM. A. BOrYCJIABCKHAH, ®. ®. BUTMAH u B. Il. Nyx 


NOBbILIEHHE MPOWHOCTH TOHKOLO CTEKJIA 


(IT pedcmaeaeno axademuxom B. Il. Koacmanmunoseim 13 II 1961) 


Hanayuune pesyuJibTaTbl pH yMpouweHHH CHIMKaTHOrO cTeKa ocTura- 
JIMCh B MOCJIEHee BPeMA ABYMS WYTAMH: 3aKkasKoH (1,3,°) Hw XMMMYeECKHM TpaB-| 
sieHnem (°), 

K aK Jb W3 STUX CMOCOOOB NO3BOUIAeT B HECKOJIBKO Pa? MICBbICHTb MpOuHOCTh 
cTekvia. B JadibHevwieM OKa3aJIOCb BOSMOKHKIM JOCTHIHYTb elle OoubUIero T10- 
BbILCHHA MpOUHOCTH CTeKJa MYTeM CJIOXKeCHHA YMIPOUHeHHH MpH mMoc.feqoBa-| 
T@JIbHOH OOpaSoTKe CTeKa ChepBa 3aKaIKOH, a 3aTeM TpaByieHHem (3). ITo- 
CJICIHAA ONepalnA MpeqHasHauena JWIA YaleHHA Kak JlecsbeKTOB HCXOJHOrO CTe-| 
KJla, TAK MH TEX e*eKTOB, KOTOPbl€ B HEM 3apOJHJIHCb UJIM pa3BHJIMCb B Mpo- 
iecce BakaiKkn. JIA CTeKON, XOPOWO MpHHHMaIOWIMX 3aKaJIKy B BO3/LYUIHOM | 
HoToKe, OOpaboTKa OOOMMH MeTOJaMH MO3BOJIAeT MOBeECTH cpeqHHe 3HaveHHA 
mpounocTtu oO ypopus 70—80 KI/mMM?, | 

ITOT Pe3syMbTAT, OMHAKO, NerKO NOCTHXKUM TOJIbKO [VIA TOJICTHIX CTEKOJ, WH] 
KOTOPbIX 3aKaIKOH JO cTereHelt 4—5 N/cm MOxKHO CO3,aTb B HX HOBEPXHOCTHOM } 
coe CKUMAIONLMe Hap s2KeHHA OKOMO 25—30 kKI'/mM? (4). TonKue cTeksta (TOMMLU- | 
HOIO 5 MM WH MeHbUIe) MWIOXO MPpHHUMAIOT BOSAYUIHY!O 3aKaJIKy: B JIyullemM CJly- 
yae B CTeKJIAX TOJIMHOH 5 MM MOryT ObITb OOecMeueHbI CTeEMeHH 3aKaJIKH OKOJIO® 
1—2 N/cM, Ip KOTOpbIxX 3aKaJIOUHble CKUMAIONINe HalpAxKeHHA MOryT OCTH- 
rath Bcero Juitb 6—10 KT/em?. Jia crekom Ke TommMHOH 1,5—3 MM Boodnte 
He IIPHXOJMTCH PaCCUHTHIBATh Ha 3aMe€THOE YMPOUHEHHE METOAOM 3aKaJIKH B. 
BOSAYUIHOW cpeye. 

Ynrpounenne TOHKUX cTeKos (TomHHOH 1,5—3 MM) TpaBMeHHeM B  pac- 
TBOPe TWaBNKOBOM KUCJIOTbI TO3BOJIN€T MOBbICHTh HX CPeHIOIO MpPOUHOCTh JO: 
50—60 KI’/mm? (°),— 3amMeTHO H¥Ke TOrO, YTO MOCTHTHYTO JIA TOJICTHIX CTeKOJ. 
Jit OTbICKAHUS TyTel JabHeHWero MOBbIMeHHA MpOUHOCTH TOHKHX CTeKOW 
SHAYMTeIbHbIM = HHTepec TpecTaBseT paspaOoTaHHbiit HeaBHO TepMOXH- 
MU4eCKHI MTOR yIpOuHeHHA cTeKJIa (°), KOTOPbIif 3aksOUaAeTCH B OXJaKeHHH 
cTekyla C TemmepaTyp BbILIe TeMMepaTypbI CTeKOBAHHA B MOMOrpeThIX KpeM~ 
HMHOPraHM4eCKHX MUAKOCTAX. OTOT cnoco6 yimpouHeHHA CTeKJIa MPHBOAMT K | 
BeCbMa 34Me€THOMY MOBbILeCHHIO MpOUHOCTH TOHKOFO CTeKJIa H ero TepMOCTOH- 
KOCTH, KOTOPas Ip PaBHOH CTeNCHH 3aKaJIKH (OMCHEHHOH MO pasHOCTH xoOjla Jy- | 
uci B MOJIAPH3OBAHHOM CBeTe) OKA3bIBaeTCA TPH 3TOM MeTOMe OOpaboTKH Ha- | 
MHOrO BbILMe, YeEM Y CTEKOJI, 3aKaJIeCHHbIX OOLIMHbIMM MeTOJaMmyH (’). 

Panee Opiio moKasano (*, °), YTO YeM BBIMIe YPOBEHb MPpOUHOCTH HCXOAHOTO | 
cTeKJIa, TeM OOJIbIMel MpOYHOCTH MOXHO MOCTHrHYTb Tocse ero yNpouHeHHA | 
Tpapenuem. Tak, CTeKIO C eCTeCTBeHHOM MOBepXHOCTbIO, mpHoOpeTaemon B 
iponecce PopsAveH BbITAAKKU, OOJAaA Ooee BbICOKOM MpOUHOCTHIO MO cpaBHe- 
HH1O C MeXaHMyeCKH NOJMPOBaHHBIM CTeKJIOM, HOCsIe TpaBsIeHHA CTAHOBUTCH | 
Goee NPOUNbIM, YeM HOIMpOBaHHoe. TOUHO Tak xe, YM BbIIIe CTeMeHb 3aKaKH 
cTeKJIa, TEM BbIIMe MPOUHOCTH CTeKJIa Tocyie ero TpaBJeHUA, 

ITO NOSBOJMNO OMKULATb, YTO BbICOKAA MPOUHOCTh TOHKOPO CTeKa, Oy YeH- 
Hast B PesyJibTaTe TePMOXHMHYeCKOH OOpaOoTKH, OOecNeYHT BO3MOXKHOCTh Cy- 
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TBCHHO OOvIbilero ero yNpOuHeHUA MOC Me LOMOMHUTebHOII oOpaOoTkH TpaB- 
leHHeM, YeM JOCTHramoch ApyruMu MeToxamn. 

B cBsa3u c 9THM HAMM ODI OCyULeCTBJIeHBI CeAYIOUNe ONbITHI. OOpasitpt 
TeKOM BEPTHKAIbHOrO BLITATMBAHHA pasMepom 80 x 80 mM?, TosuyHHoit 1,5, 
0 u 5,0 MM c ecTecTBeHHOH uM MexanuyecKH mo/MpoBaHHol IOBEp XHOCTHIO: 
YNPounAMMC: a) NO MeTOAy TepMOxHMUMYeCKOrO ynpouHneHHA, 6) crlocoboM Tp aBule- 
HHA B PacTBOpe MaBUKOBOL KUCJOTHI HB) MOCMeLOBATebHO OOOUMH crlocobaMn. 
_ Ilpoueyypa tepMoxumuyeckoro ynpounenna CcocTosa B NOMeWLeHHM KaxxK- 
Aoro oOpasiia B BepTHKAJIbHOM MOMOKeHUM B 3akaOUHyIO eUb, Harpertyio 70 
TeMMepaTypbl, HCCKOJIbKO Bie TemMMepaTypbl pasMArueHusA aHHOrO cTeKwa, 
B BbIJepKUBAHUU OOpPasita B Neu BTeyeHHe 2—3 MHH., B OXaxKMeHUN ero B MO- 
AOPPeTOM CHJIHMKOHOBOM MaCJle (STHJINOJIMCHIOKCaHOBAA XKHKOCTL) HM LaJibHelt- 
MIeM ero OXJaxKeHHK Ha BOsLyXe. TpaBsenne OOpasior MIPOH3BOAM0Cb B 20% 
PacTBope NWaBUKOBOH KUCJIOTHI Ha rly- 
‘OuHy cHxATOrO cio” B O,1 mM. IIpenpa- 
PUTebHO ObiIO MOKasaHO, YTO TpaBuie- 
Hue BCeX rpynm oOpa3uoB Ha 9aTy ruy- 
‘OuHy oGecneynBaeT BEIXOA KPHBOII yrI- 


Bowe HW CYIUIMIMCb B eCTeCTBEHHBIX yc- 
\JIOBUAX. 

 Kaxkyaa rpynna o6pasnosp (B Tom 
‘uuicu1e M UCXOMHbIe CcTeKJIa) MosBepra- 
Mach UCHbITAHMIO Ha MpOuHOCTE B OJN- 
HaKOBbIX YCJIOBHAX MO MeTOMY eHT- 
PallbHoro u3ruOa Ha KOJbUeBOH ONOpe 
(?,°). Pesyabratbt onpeenenua mpou- 
HocTu (puc. | nu 2) nosBonstor cyzuTD 
He TOJIbKO O CpeqHUX 3HayeHHAX Mpou- 


Puce. 1. 


IIpounocth MexaHHuecKH TOMpo- 
BaHHbIX CTCKIAHHbIX MWIaCTHH TOJIULLMHOTI 
3 mM (a) H 5 mM (6), 1 —B ucxogHOM co- 


HOCTH (rOpH30HTaIbHbIe JHHMK) KaxK- 
HoH “3 rpyni o6pasyoB, Ho u O pas3- 
Opoce OTJeMbHBIX MOUIYYeHHBIX 3Haue- 
HH MpounocTu (KaxKLaA TOUKA COOTBeT- 


CTOAHHH, 2 — mMocie TepMoxuMH4eCKOl 06- 
padoTku, 3 — nocie TpaBilenus, 4— nocue: 
MOCMENOBaTebHOM OOpa6oTKH crepBa Tep- 
MOXMMHYCCKHM MECTOJOM, a 3aTeM TpaBJIeHHeM 


CTByeT OJHOMY H3MepeHuio). 

_ OTH Pe3yJIbTATbI MOKASbIBaIOT, YTO BO BCeX CIyYAANX TePMOXHMHYeCKad O6-- 
paGorka TOHKOFO CT€KJIa 3AMeTHO MOBbIMIaeT CFO TPOUHOCTL, TpaBeNue JaeT Ta- 
KOe 2Ke WIM HECKOJIbKO OovIbiee (B OCOOeHHOCTH WIA CTeKa TOMMMEHOL 1,5 MM) 
yupounenve HM, HakOHel, Camoe Oombiice ympouHeHue Mouy4aeTca pu Mocmej0- 
BaTebHOH OOpaOoTKe cTeKs1a CrepBa TePMOXHMMYECKHM METOJOM, a 3aTeM TpaB- 
meHuem. B nocneqHem cuyuae cpequue 3HaueHns IIpOUHOCTH TOHKOTPO cTeKJIa 
ferkKO JOBOMATCA NO ypopHa 70—80 xI/mm?. 

_ Takum o6pasom, nomy4eHo pAMoe AOKa3aTeJIbCTRO BOSMOXKHOCTH TOBBIIIe-- 
4H MPOWHOCTH TOHKHX CTeKOJ LO BbICOKHX 3HaYeHHH, PaBHbIX paHee ocTurHy- 
TBIM JIA TOJICTBIX CTeKOWI. 

HanOoulee Bicoxne pesyubTaTbi, KaK BUHO u3 pUuc. 2, MOMyualoTeH Ha O6- 
Jasilax CTeKJIa TONMMHOK 1,5 MM c ecTeCTBeHHOM MOBepXHOCTHIO, XapakTepu- 
SYIOMIMXCA OTHOCHTEIbHO OoMbUIOH HCXOAHOM mpouHocThIO. O6panlaeT Ha ce6a 
BHUMAaHMe Take TO OOCTOATEIbCTBO, YTO JIA CTeKOW TOMMMHOL 1,543 MM HYOK-~ 
tHe 3HaYeHMA MpOUHOCTH JexwaT Bplle 50 KI'/mMM?. SToT pesyJibTaT MOXKHO pac- 
MaTPUBaTb KaK 3aMeCTHHIM War B HalpaBJICHHH JlaJIbHeliluero yHpOUHeHUA TOH- 
«HX cTeKon Ha 15—20 xI/mm?. 

Tokkad Mpupogza yipownenna cTeKsa TpaBJeHHeM JO HacTosLero BpeMeHH 
HOCTbIO He BblsicHeHa. Tem He MeHee, OCJIbUIOe YNCIO CBA3AHHBIX C 9TUM 9Cp- 
9@KTOM (aKTOB MO3BOMAeT CUHTATh, YTO OH OOVCOBJIEH HMCHHO yasieHHeM Cc 
OBePXHOCTHM CTeKJIa PasHOOOpasHbIX jleeKTOB, CHM2KAIOULUX eFO MPOUHOCTh. 
mpoc O Pope u CoseprxaHUU STHX JeceKTOB ene 2% eT CBOeTO paspenieHHsA. 
| TouHo Tak xe ele He ACeH HM MeXaHH3M yrpouneHus CTeKsIa pu ero Tep- 
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MOXHMUUECKON O6padoTe. OHO U3 HanSovee NpaBAONOMOOHLIX OOBACHEHHH STOTO 
MeXaHH3Ma MOKET COCTOATH B Culeqylomem. OxuaxyeHve CTeKla B KATKOM 
KpeMHMiOpraHuyecKoli cpeye mpoTeKaeT pH Oosee BLICOKUX CKOPOCTAX Tell- 
JIOCbeMa, YeM IPH OXaKCHHH B BOSAYIIHOM NOTOKe, UTO ByIedeT 3a co6on u3- 
MeHeHue XapakTepa pacnpe/leJleHHA 3aKaOUHbIX Hal PAXKEHUH MO TOJMMMHE CTeK- 
yla, a MM€HHO pe3KOrO BOSpacTaHUA CKUMAIONIMX HaNpPAXKeHHH B TOHKOM IIO- 
BePXHOCTHOM CJ10€ CTeKJIa 110 CpaBHeHHIO C TEM, KOTOPHIe€ BOSHUKAIOT TIP BO3- 
JyuiHoli 3aKasKe Toro x#e cTeKa. Ec 9T0 Tak, TO yipouHeHHe, HaOmo,aemoe 
IIpH TepMOxXUMUYecKO OOpaOoTKe CTeKWa, MOxKeT ObITb B SHAYHTENbHOM CTeMeHH 
OGYCJIOBJIEHO HMCHHO 3aKaJIOUHbIM 3c:ppeKTOM. Hesnayntespn as 2Ke CTeMeHb 3a- 
KaIKM B 3TOM CJIy4ae, H3MepHeMAA Pa3HOCTHIO XOfa JyYeH. B MOMAPH30BaHHOM 


Puc. 2. T]pounocth CTeKJIMHHBIX TvIaCTHH C eCTeCTBEHHOM 

MOBepXHOCThIO ToMMHON 1,5 mm (a), 3,0 mm (6) H 5,0 mm (a). 

J — 8B MCxXosHOM cocTosHHH, 2 — mocle TepMOXHMUYeCKOH 00- 

pa6orku, 3 — nocme TpaBnenua u 4— mocJe nocmezoBaTeub- 

HOU OOpa6oTKH cnepBa 3aKaJIKOH B CHJIHKOHOBOM MacJle, a 
3aTeM TpaBJIeEHHeM 


cBeTe (T. €. MO ycpeqHeHHOH KapTHHe), He pacKpbiBaeT MpHposy sakasKy, 
TaK KaK BaxkHOe 3HaveHHe MMeeT HMCHHO HCTHHHAA BeJIMYMHAa HallpAKeHHA B 
TIOBEPXHOCTHOM CJIOe, OILCHHTb KOTOPYIO 9THM MeTOJOM HeEBOSMOXHO. 

C Apyrol CTOpoHEI, pH OxwaxKeHHM CTeKJIa B CHJIMKOHOBOM MacJie Ha HeM 
oOpa3yeTcaA THIpOPoOHuLI KPeMHAHOpraHuyecKHH CON, H MOCKOJIbKy STOT Tpo- 
mecc MpoTeKaeT Ip BLICOKOH TemiepaType, NOBEPXHOCTb CTeKJIa MOXHO CUH- 
TaTb JIHIMeCHHOH Barn HV, Cle OBAaTeJIbHO, TOMRKECTBEHHOM MOBePXHOCTH CTeKJIa, 
BbICYINCHHOFO B BAKYYMe, MpO4HOCTb KOTOPOTO BCerfa 3aMeTHO BBIIe, HEM B YC- 
JIOBUAX OOLIMHOH aTMocdepnl. [lostomy ynpouHeHue cTeKJIa B pesyJbTaTe Tep- 
MOXMMHYeCKOH OOpPaS6OTKH MOX*KeT ObITb YaCTHYHO OTHECEHO TaKxKe HM Ha 9TOT 
cue. 

Hakone, MOxKHO TMpeMooKUTb, YTO MpH TepMoxumuyecKo oG6paboTKe 
OCYINECTBJIACTCH BSAHMMOMeCHCTBHE pasorpeTOrO JO pasMArYeHHA CTeKJIa C KpeM- 
HMHOpranHwyecKUMH COeHHEHHAMMU, POACTBEHHBIMH C HUM MO XHMHYeCKOMY CTPoOe- | 
HHO HW IIpOUHO 3aKpelMAIOMLMMHCA Ha MOBEPXHOCTH IIpH BbICOKMX TemMepatypax. | 
Yayumienue KayecTBa MOBepXHOCTH CTeKJIa Ip TaKOH OOpaOoTKe MOKeT Takxe | 
NOBJIMATb Ha MOBbMNeHHe ero mpouHocTH (°). 

Gajaua nouyaeHusa ene Gompiuero spektTa pw yupouHeHuu cTeKsa Tpe6yeT 
CKOpeHlero paspemenusa Bompoca 06 ucTHHHOM Mpupose ympouneHua cTeKwa. 

J[aHHble HacTOAULero CoOOMleHHA, BO BCAKOM CJly4ae, MOKAa3bIBAaIOT, 4TO TOC- 
JI@hOBaTeIbHOe YIpOuHeHHe TOHKOrO cTeKw1a (5 MM M TOHDbIIe) cmepBa croco6om 
3aKaJIKH B KPCMHMHOPraHuyecKkO 2KMAKOCTH, a 3aTeEM cnOCO6OM TpaBJIeHHA B 
pacTBOpe IIaBHKOBOM KUCJIOTHI MOSBOJIAeT MOMHATb FO CpesqHue 3HA4eHHA TpoU- 
HocTH 10 70—80 kI’/mMm? npotuB ucxoguoro 3HayeHua B 6—20 «I/mm?. 
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Bnocuiequee BpeMsl B II[poekTHO-KOHCTpyKTOpeKoM Gropo T10 cTeKJIy NO onncaH- 
OMy B HacTOAUeH CTATbe METOY AOCTHTHYTHI ee SOee BHICOKHE 3HaveHHA 
POUHOCTH CTeKa (MPH HCHOb30BaHHH XKUAKOCTeH Cc GOMBIOT OxJaxK,aromeli 
emocoOuocTHI0). Jia cTekon ToumHHolt 5 MM NOJyueHa MpOYHOCTh Ha H3rH6 
00— 120 kT'/mm?. pu ymenpmenuu TonmHHE cTeKsia ero IIPOUHOCTH IIpH TaKoli 
‘O6paOoTke sBospacTaeT, jocTurad 3HaueHnii MpOYHOCTH CTeKMOBOWIOKHA 
(150 KI'/mm? nw Benue). Mockomky 9T0 ynpounenne 3HaqynTenDHo BbILe, 4EM 

OCTHraBieecA PaHee JWI TAKHX 2%Ke TOHKHX CTeKOJI, HCNOIb30BaHHbIIB HacTo- 


MEM HCCHeELOBaHHA MeTOL ynpouHeHUsA cTeKa clelyeT TpW3HaTh BecbMa 
hepcnekTHBAbM. 


{ Musuko-TexunyeckHii uHcTHTyT HM. A. ®. Hoppe TlocrynHao 
: AkaylemHu Hayk CCCP 24 I 1961 
Tocynaperpennoe cnemnatbnoe MPpOCKTHO-KOHCTpyKTOpcKoe 
610po mo crekily 


: UWMTHPOBAHHAS JIMTEPATYPA 


lr. M, Baprenes, Mexanwueckue cpolictsa H TenloBpast O6paboTKa cTeksia, 1960. 
Il. Anexcaugzpos, C. H. KypxKos, SAsnenue Xpymkoro pasppipa, 1933. 
SS patMay, C. H. KypxKos, B. A. Jlepuu, Bi y x, COopx. cr. Hexo- 
‘Topie Npo6JeMbl pounocTH TBepsoro Tea, M3q. AH CCCP, 1959, ctp. 340. “Br AY Cre 
HOB, Jl. IT. Xogaxkopa, Tam xe, Crp. 348.9) 95.) W) Jles u ay RTO, 28, 
Sete ioten (1958),;.6. i, ~A, Dio Cita Bo kK wits C.+ YH. CuI bBeCTPOBHY, 
mocoO ynpounenns crekwia, apt. cBuy. Ne 132374, 1959; JTAH, 129, Ne 6, 1362 (1959). 
OY. A. Borycnapexuih, Crexno u Kepamuka, 17, Ne 9, 26 (1960). § HW. HW. Ku- 
Tahropoackuh, Texnonornsa crexna, u. II, 1939, 
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Jloxaaym Anagemuu nayx CCCP 
1961. Tom 138, Ne 5 


TEXHHYECKAAH PH3HKA 


B. WH. JIOMATHAKOB 


K METOAY BECKOHTAKTHOHU KOH]AYKTOMETPHM 


(IT pedcmaeaeno akademuxom IT. A. Pebuxdepom 10'IT 1961) 


CyulecTBCHHbIN HeOcTaTOK KOHAYKTOMeTPHYeCKOrO MeTOJa aHaIH3a C raJlb- 
BaHHYeCKUM KOHTAKTOM 3JICKTPOJOB C PaCTBOPOM 3aKJIOUaeTCA B MOJAPH3allHou 
HBIX WH aJCOPOMMOHHBIX ABJICHHAX Ha IIeCKTPOMAX, OCJIOMKHAIOULAX Mpowecc 434 
MepeHNA MH “acCTO MCKAa*KalOuIMX eFO Pe3YyJIbTATHI. 
" BpicokowacToTHan KOHJYKTOMe€TPHA C CMKOCTHOH CBA3bIO YJIEKTPOJOB 
c pactBopom ('~%) wMeeT orpaHHyeHHoe MPpHMeHeHve 13-34 pe3koro BAMAHUA 
JIMDJIEKTPHYeCKHX CBOMCTB pacTBOpa B CJyYae MAJIbIX 3HAYeCHHH 9IEKTPONPOBOL- 
HOCTH M BPeHOTO BJIMAHUA PaseMTebHOH EMKOCTH B CJly¥ae OOVIbIIMX 3Ha- 
YeHHH IJIEKTPOMPOBOMHOCTH. 

TlonbITKH HCNOb3OBaHHYA WHJLYKUMOHHBIX TOKOB CBOJHJIMCb K H3MepeHHid 
fIpHUpauleHuA UMMe/LaHCa, MarHUTHOe Mose KOTOPOrO B3aMMOeEHCTBYeT C UCCIELYy 
eMbIM BelecTBOM (4,°). McKmoueHue COCTaBIAeT yCTaHOBKa C UCMOJb3OBaHHeM 
mMexaHuyeckux addektosw (°). OrpaHnyeHHan FYBCTBUTeIbHOCTh HM TOUHOCTb 
3TUX CTYYAAX CBAZAHA C MAIO BEJIMYHHOK OTHOWeHAA NPHpaileHus AMMeLaHca 
K €FO HOMMHAJIbHOMY 3Ha4eHHIO. ITO OOyCJIOBJICHO MaJIOCTbIO BTOPHYHOrO Mar 
HMTHCrO TOA, BOSHUKAOMNerO IPH MpOXo*KJeHHA TOKa B pacTBOpe, KOTOpOe;} 
COGCTBeEHHO, H CJIYKUT MepOH SJIEKTPOMPOBOAMOCTH Mp MpounX MOCTOAHHBIM 
YCJIOBHAX B CpaBHEHHY CMepBHYHbIM MarHHTHbIM MOJIeM, BOSOyxKalOllKM 3TO 
TOK. 

O6uiMM HeEocTaTKOM MpHMeHABLINXCA PpaHee O€CKOHTAKTHbIX CiOCO60B KOH 
ILYKTOMETPHH ABJIACTCA HEBOSMOXKHOCTH IIPHMeCHeHHA KOMMeHCalMOHHOrO MeTOLE 
U3MepeHHH, IIpH KOTOPOM MapaMeTpbl H3MePUTeJbHOM CXeMbI He BAMA Obl Hee 
pe3yJbTaT u3MepeHuH. | 

B Hactosmem cooOmeHun mpesiaraetca paspa6oTaHHBI Hamu paHee (*) 
IKCIEPMMCHTAIbHO TpOBepeHHbIM MeTOX KOHJYKTOMeTPHH C MOMOULbIO HHLYK 
ILMOHHBIX TOKOB, CBOOOJHbI OT BCeX YKA3aHHbIX BbIUIe HeOCTATKOB. 

OcoG6eHHOCTbIO MeTOa ABJIAeCTCA MpPWMeHeHHe pa3je/IbHbIX 3aMKHYTHI 
MAPHUTOMPOBOOB WIA BOSOy2KCHHA MHAYKIMOHHBIX TOKOB B pacTBope H Is 
ux perucTpannu. Marnutonpoposbl, CHaGxKeHHbie OOMOTKaMH, OOpasyioT cove} 
HOWbI, MOMKJIOUCHHbIe COOTBETCTBEHHO K reHepaTOpy MepemMeHHoro ToKa H J 
ycusutemo. Jia ycTpaHeHusd EMKOCTHOK CBA3H OOMOTOK HM CBA3H Yepes HHAYK 
THBHOCTb paCC€AHHA MAPrHHTOMPOBObI BbIOPaHbI KOJIbUeBOH (OpMbI, a paBHOMep 
HO HaJlO¥KeHHbIe OOMOTKM HM NOABOAALLMe TOK MPOBOAMHMKM JJeKTpOCTaTHueCKIh 
akpanupoBanbl. Kak NoKa3gauiM MCCJIeLOBAHHA, M@KMLY KOaKCHaJIbHO pacrovio} 
*KCHHDIMA KOJIbICBbIMH COJIEHOHAaMM cCylecTByeT ca6ad 9IeEKTPpOMarHUTHa! 
B3aHMOCBA3b, YCTPaHAeCMaA MOBOPOTOM OHOTO U3 COJIEHOMOB BOKPyr UX OO 
eH OCH. GaMKHYTOCTh NepBHYHOrO MarHUTHOrO NOJIA, BOSOYKLaloMlero TOK } 
pactBope, BHYTpM NepBoro KOJIb&eBOrO MarHHTONpOBOa HrpaeT 4pesBElUanH! 
BayKHYIO POJIb, HOCKOJIbKY H3MepHTeJIbHAaA CHCTeMa JI] BTOPHYHOTO MarHUTHOTr' 
MOA MOWAKET OONaLaTb OOOH UYBCTBUTeEJIBHOCTHIO, He OyLy4uM Meperpy2xKaem} 
3HAYHTeIbHO MpPeBOCXOAMLMM TO BeJIMUHHeE NepBHUYHbIM MarHATHbIM MOJIeM 
Vimenuo 9TO o6cTosTesbCTBO O6ycOBIMBAeT OOULYIO BICOKYIO YYBCTBHTEE 
HOCTb lpejwiaraemoro MeTosa. 
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Heo6xozumMo o6paTHTb BHHMAaHHe, YTO B CMocoOax, OCHOBAHHbIX Ha H3Mepe- 
HHH MpupaljeHua UMMesaHca, MepBHYHOe HM BTOPHYHOe MATHUTHbIe MOA PUu3H- 
yecKH HepasjeubHbl. Komnencalua eHCTBHA MepBHYHOrO MarHHTHOrO TOA Ha 
U3MepHTeJIbHbIM MpHOop MyTeM BKJIOUeHHA HMNeaHCa B COalaHCHpOBaHHbIli MOCT 
He MPHBOANT K MCKJNOUeHHIO BJIMAHUA 9YTOFO TOV, 
_ MOCKOJIbKY H8MepuTeJIbHaA Welb BO BCX MOOOHbIX 
| calyuanx perucTpupyeT pasHoctHple ddpdekThIIVJIeKT- 
| puueckHX Halps2xKeHHH OOOH amMMTYy pI (cooT- 
_ BeTCTBEHHO BeJIMUMHe MepBHYHOrO Mousa), MpHuem 
_ TOPAAOK STHX S:peKoB TOT Ke, YTO H MOPANOK MpH- 
| palleHHA HalpaAxKeHHA. 

. B w306paxkeHHom ‘Ha puc. | yertpolicTBe Aas 
 OCYMLECTBIEHHA Npesaraemoro MeTOJa 3aMKHYTAaA 
mpo6upka / c uccieqyeMbIM paCTBOPOM OXBAaTHI- 
* Bae€TCA KOVJIbILCBbIMH COJIEHONAaMU C Mospa3syesen- 
_ HbIMM CepfedHuKaMH 43 TepMaion 2,.3, OOMOTKH 
; 


. 
 HaJIOXKeHb! B OMH COM U 3aKJIOYeHbI B 3JIEKTPO- 
' cratuyeckue akpanbl 4. IIpu uactrore nMTanns, 
h paBHon | kril, H MpHMeHeHHU pesoHaHcHOrO ycH- 
| JIMTeJIA UYBCTBUTCJIbHOCTb CHCTeMbI, Kak MOKa3aJ 
: OMbIT, MOSBOJIAe€T OIGHHBATb KaveCTBO JUCTHIINpO~ 
_ BaHHOM Bos. C noBpuueHuem yactoTp 4o 10 KripK 
_ 3AMeHOH MepMaJJIOeBLIX CepCUHHKOB (pep PpHTOBLIMH 
cu, = 1000 uyecTBuTebHOCTh CHCTeMbI CTaHOBHTCH ele Gonee BEICOKOH. Ina 


_ pacuetTa nocexqHeH MOXKHO BOCHOUIb30BaTbCA JIeErKO BLIBOAHMOM (popMyuioli 
\ 


Puc. 1 


2 ye? 
Hon n,Sio 1)xS, 


2 
iy ly 


Beas ; 

Tye Fo — 9. J.C. B COJeHOMe, CBA3AHHOM C YCHJIMTeeM; {/ — MarHHTHaA 
TIpOHHILaeMOCTh Cepe4HHKOB; 1, Ny — YHCa BATKOB couenouyoB; Si u li — 
 COOTBETCTBEHHO T1VIOULab momepeyHoro ceyeHHA CepJeYHHKOB WM WWIMHa Mar- 
HUTHOH CHJIOBOH JIMHHH; /o — TOK B Coule- 
HOWJle, CBASAHHOM C reHepaTOpOM; x — y]eJIb- 
Ha 9QJIEKTPOMpOBOAHOCTh pacTBopa; Se Hu 
[2 — COOTBETCTBEHHO TJIOWLab NonepewHoro 
ceueHHA .mpoOM“pku UM JWIMHa JIMHHM ToKa. 
Bce BeJMuHHbI BbIPaKeHbI B NpakTHyecKoH 
cucTeme e/IMHUIL. 

KommeHcallvOHHbIh cnoco6 H3sMepeHHi 
OCYMIeECTBIAeTCA MYTeM HaloOwKeHHA Ha Mar- 
HUTOMPOBOMb LONOJHUTEIbHOFO NpOBOAHUKA, 
3aMKHYTOFO Ha Mara3HH 9TAJIOHHbIX COMpo- 
THBJIeCHHH R,, KAK 3TO NOKa3aHO Ha pue. 2. 
O6pasyembId STHM IpOBOJHHKOM KOHTyp, a 
Take KOHTYp R,, OOpa3s0BaHHbIlt 3aMKHy- 
TOM mpoOu“pKoll C paCTBOpOM, CO3]aI0T 
MarHUTHble MOTOKM MpOTHBONMOJOKHOLO 3HaKa 
B cepfeuHuke cCoJleHOHa, MOLKO“eHHOrO 
K ycuuauTemo. PaBeHcTBo comnpoTHBJieHHi 

R, u Ry ompesennetcA yCuuTeeM— WHAMKATOPOM HYJIA MO OTCYTCTBHIO 
9. 2.¢c. B 9TOM comeHougze. JLiA monyyeHHA 3HaYeHHA YeIbHOM 9/eKTpO- 
 TIpOBOMHOCTH HeEOOXOAUMO OfHAKAbl MpOusBecTH KaMHOpOBKy CHCTeMbI CTaH- 

J[apTHbIM paCTBOpOM. 

Bo3MOxXHOCTh MpOH3BOACTBA KOMIICHCALLHOHHBIX H3MepeHHH, a TakxKe OT- 

CYTCTBHE 3EKTPOAOB OOecneynBaeT BLICOKYIO TOUHOCTh Mpeiaraemoro MeToja 
’ KonykKTometpuu. Ucnosb30panve WHAYKUMOHHBIX TOKOB HU3KHX YacTOT Oby- 
_ C/JIOBJIMBAeT BLICOKYIO TOUHOCTD H3MepeHHil MB OOMACTH MaJIbIX 3HAYeHHH WIeK- 
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TPONPOBOAHOCTH, KOFla B BbICOKOYaCTOTHOM KOHAYKTOMeTpHU OOHAap y2xKUBAeTCA 
BJIMAHHe JIM3JIEKTpHYeCKUX CBOHCTB pacTBOpa, 3akIOUaIOULeeCA B NOABMeCHHH 
HeECKOMI€HCHPOBaHHOrTO TOKa CMeleHHA Jy, CABHHYTOrO mo (pase Ha 90° oT- 
HOCHTeJIbHO TOKa MpoBoduMocTH /,). OTHOWIeHHeE MOYyJIeH STHX TOKOB 


re € — (uaekTpHyecKad nocTosHHaA. TlockoJlbKy 3Ha¥eHHe @ B mpedvia- | 
raeMOM MeToe Ha 3—4 NOPALKa MCHbLIE COOTBETCTBYIOWULErO 3HAYCHHA B BbICO- 
KOUACTOTHOM KOHJYKTOMeTpHH, Ha CTOJbKO Ke NOPAAKOB pacwiMpseTca HH- 
TepBal 3HAYeHHH YEbHOH 3JIEKTPOMPOBOAHOCTH HCCeLyeMbIX paCTBOPOB. 

Bo BcexX OCTaIbHbIX Cy4aAX, KOra BJIMAHHEM TOKOB CMeII[eHHA MOXKHO 
mpeHeOpeub, TOUHOCTh H3MepeHHH B MpefwaraeMOoM MeTOJe€ OrpaHwyena JIMLIb 
TOUHOCTHIO Oe3peaKTHBHBIX 9TAIOHOB CONPOTHBJeHHH. Baarogapa sTomy dakTy 
MeTOL MO3BOJIH€T IIPOH3BOAMTb TIpelM3HOHHbIe H3MepeHHA. B uacTHOCTH, B 
okeaHorpadun MOxKeT ObITb pelieH aBHO Ha3peBUIMH BOMpoc Haxox*KJeHuA 
TOUHOM (PYHKUMOHAIbHOM 3aBHCHMOCTH MexLy TemMepaTypoi, 9JIeKTpONpoBOL- | 
HOCTbIO H COJI@HOCTbIO OKeaHHYeCKOH BOLbI, @ HEKOTOPbIe KOHCTPYKTHBHBIe 
W3Me€HEHHA B M3MEPHTeAbHOM CHCTeEMe MO3BOIAT MpOBOAUTb AMCTAHIMOHHBIe 
V3MepeHHA COJICHOCTH MeTOJOM 9IJIEKTPOMPOBOAHOCTH Np BbINOJIHeEHHH CTaH- 
apTHbIX THAposorMyecKHX UccIeqoBaHHH. B 9TOM CJlyyae 3aMKHYyTaA mpo- 
Gupka 3aMeHAeTCA KOPOTKOM OTKPbITOH TpyOKoN. 

[Ipeaiaraempl MeTO MOxKeT HaHTH NpHMeHeHHe JIA TOUHOTO H3MepeHUA 
QJIEKTPOMPOBOAHOCTH HU KOHIEHTPallHH QJICKTPOJIMTOB IIpH HH3KHX HU BbICOKHX 
TemilepaTypax, WIA OMpeeJIeHHA QJIEKTPONPOBOAHOCTH JLHCMepCHbIX CHCTeM, 
CyCcneH3sHH WM ree, a Take B KOHJYKTOMeTPpHYeCKOM THTPOBaHHH MpH BbICO- 
KOH 4YeETKOCTH oOnpeseseHHA TOUKM KOHILa THTpoBaHHA. IIpoctota ycTpolictBa 
M3MepHTeJIbHOM CHCTeMbI H ee HAaCTPOHKH, TOUHOCTh HW OTCYTCTBHE oporocto- 
AULHX 9JIEKTPOAOB MO3BOJIAIOT HafleATbCA, 4TO MeTOA HalieT mpHMeHeHue 
HM B MpOW3BONCTBE IPH aBTOMATH3AILHH MPOMbIIIJICHHbIX IIpOleccos. 


Uepnomopckoe orTgzesenne Tocrynusio 
Mopckoro rHypodusnyeckoro HHCTHTyTa % II 1961 
Axayemuu HayK CCCP 


UWHMTMPOBAHHASA JIMTEPATYPA 


TI JLenaxeii, Hoppe npHOopst u merogb! B smeKTpoxumun, VWJI, 1957, 2 W. J. 
Blaedel, U. V.Malmstadt, Anal. Chem., 22, Ne 6, 1413 (1950). % K. Cruse, 
Chem. Rundschau, 11, Ne 18, 441 (1958). 4 JI.M.C ysBop os, 3as. 1a6., Ne 7, 889 (1958). 
5 A. H. Jonson, A. Mimnick, Anal, Chem., 30, Ne 8, 1324 (4958). ° J. Fatt, 
Rey. Sci. Instr., 23, Ne 3, 133 (1952). 7B. HW. JlonatuuxKos, Apr. cau. 421, 304, 
Ne 109917, 1957. 
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Hoxraayge Akagemun nayr CCCP 
1961. Tom 138, Ne 5 


TEXHHYECKAA PH3HKA 


H. C. ®ACTOB 


O BbICOKOTEMMEPATYPHOM BETBH ®OHA BHYTPEHHErO 
TPEHUS 
({IpedcmaeaeHo axademuxom T. B. Kypdtomocoim 8 XII 1960) 


H3pectTHO, TO rp HCC.leqOBaHHH BHYTpeHHero TPCHHA MeTaJVJIOB HM CWaBOB 
‘M€TONOM KPYTHJbHBIX KOJeOaHHi JorapudMuneckHit JeKpeMeHT 3aTyXaHUa 6 
HJM MpONOpuHoHasbHan eMy BewHuHHa Q''(Q? = 6/n) qua u3y4aemoro Ma- 
TepHala B dopMe cTepxXHA (MpOBOJIOKH) C H3MeHeHHeM YacTOTHI KoebaHHil o 
MpOXxoZuT Yepes MakcumyM. OOpl4HO onpererAI0T TemlepaTypy, pH koTopon 6 
CTaHOBHTCA MaKCHM€aJIbHbIM IIpH 3aaHHOH YacToTe KouebaHHil. 

{ia oOnvcaHua yKa3aHHbIX ocoGeHHocTeit BHYTpeHHero TpeHHsA OyjeM uc- 
XOMHTb M3 OGOOMeHHOrO ypaBHeHHaA BxAsKOrO TeyeHHA (1) 

; t 


4 ‘ N 
Opp — 3° 9118:n=2 \ ») DACkD | 


—0oo a=] 


t’—t 


Va 


fi a | x 7 i / 
ea’) — = en ©) dna’, (1) 
Te 07, — TeH30p HaMpAKeHHH; €;,— TeH30p AedbopmMauuu; tT, — BpeMA pe- 
JaKCallyy; B, — ROJOKUTeMbHbIE MOCTOAHHBIe, YAHOBJIETBOPAIOULHe YCJIOBHIO - 


BB. =!) & — MOJyib Capura (B,/y ABJAeTCH CTeneHbIO petaKkcaunu Ap,). 
a 


IIpumenum (1) K KpyTHAbHbIM KoseOaHHAM OHOpo_HOrO HM U30TpOMHOrO 
CTepxKHA pafuyca R c rpy30M Ha KOHIe. 

HampaBum ocb 20 OcH CTepxKHA, BepXHUii KONE KOTOpOro (z = 0) 3akpell- 
MeH HeENOABYKHO,; K HHKHEMY KOHILy (z= /) npn Hatae oTcueTa BpeMeHH 
(¢ = 0) BHesanHo Gplla MpHsowKena cKpyuMBarollad napa CHJI C MOCTOAHHbIM 
MoMeHToM M, koTopasd B MOMeHT BpemeHH ¢ = 71 Opivia CHATA. 

Sajaya CBOJHTCA K pelleHHto ypaBHeHHii BWKeHHA 

Af OS; p 
pu; = Ox, ’ (2) 


"le 9 — MuIOTHOCTD, u; — cocTaB.sioLHe BeKTOpa CMeueHHA. IIpu z= 0 cocras- 
IAlOlHe CMeIeHHA WM HX CKOpOCcTH paBubl Hy.ti0. Ip z = / Moment BHeutneli 
‘Muibl MM paBeH CyMMe MOMeHTa CHI BHYTPpeHHUX HanpsaxeHH M, uv MoMeHTa 
‘MJIbl HHEpWHH rpy3a, T. e. 


oP 
5 M = My + 1-Sb =\ (x02 — yose) dx dy + 1-52 pu z= 1, 


Je | — MoMeHT uHeplHH rpy3a OTHOCHTeIbHO OCH CTepxKHA, (| — red MOBO- 
(OTa MlolepeyHoro ceyeHHA cTepxKHA (?). 


Pelilenve HilleM B BHJe uy =.— yg (z, t); uy = xq (z, t); uz = 0. Toraa 
‘PaBHeHHA JBMKeHNA (2) MpHMyT BUT 
iN 
- t’—t\ @(z, t’) ap 
pp =\ >) Be exp ("|e ar’ (3) 
0 a=1 
| Upumensis K (3) npeo6pa3oBanve Jlanmaca — Kapcoua (°), noayyum 
. POAE Ma egos pp 
eee So aa () 
a) P+ 4K, 
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Peutenne (4) ¢ y¥eTOM rpaHHYHbIX yCOBHH 6y eT 


A M {Al ane sh Az é Ee dite oie 
=e (leh) areata ere eee pl. 
IIpumenum Kk (5) TeopeMy 0 pasmoxwKeHnH. Tora 
ie sin 6, -2il 4 NW 


(6) 


au 


a M 
i —— » Sams i Pe e—PTs i j 
# l ( 2 On EO by, a (4 °F a) at b, p> ? ate ea 


rae ib, — Kopnu pynKunn f (x) = x sh x +a ch x, Ha mpaxtuxea<1(a 10), 
HM 3HaueHHaA KopHei dbyHkunun / (x) OynqyT i= Via, bps kn alka 
NER Py sidyet) 

V3 (5), (6) momyuum (p — 0) 


ioe) si b -2/l 
z = 2al >} ee (7) 


“=, 07, (6, c08 6, + (1 +) sind, ] : 


Paccmotpum (pyukunio ©, (p) 


IT + pv.) 
Dy (pe wee ee ee ———_—<——. (8) 
P+ BIR pIL(t + pt,) + (2/ op?) 1 Bets IV (4 + pr,) 
a B a+B 


SHaMeHaTelb (yHKUHH OD, (p) ABJIAeTCH TOJIMHOMOM cTenleHH NV + ). OQ6o- 


3HaYHM KOpHU 3Toro nomMHoma p{”, pS”,.. .,ph4. Cormacho u3BecTHomy 


nmpapusy (3) 


p N-+1 
O,())= ee 
b2 Bot a ps (n) 
n px a’a k=1 k (9) 
1 [2 4. Ay? 
SALE (ejb t He exp (pry ay: 
p #2 Bo 2 of ‘ 


PacnovloxKuM BpeMeHa peaKcallHu B yOblBalolleM Mopagke 11 << 2 <...| 
...< ty. Ip stom 6yzemM cuuTaTb, YTO MAKCHMaJIbHOe BpeMA pesakcallHH Tif 
(ABJIAIOULeeCH BpeMeHeM CaMo_udpy3HoHHOM pemakcallMu) cpaBHMMO Cc Bpeme- ff 
HeM HaOvloqeHus. Kpome Toro 6yqemM mpeqnosaratb, wo By < p Aaa By, coor- 
BeETCTBYIOULMX BPeMeHaM peaKcallHH Ts, T4,..., Ty (HO He WIA Ti WH T2). Kak 
usBecTHo, 6 <1 (unaue 6 Hemb3a ObiO0 Obl H3MepHTb). Ja BEINOMHeEHHA STOO 
YCIOBMA HEOOXOAMMO, YTOOHI ObIIO O11 S> 1 H wt2 S> 1. Yuantewas chetanupie 
BbILMe SaMeYaHHA, MOAy4MM U3 (8) CHeylolulHe 3HAYeHHA KOpHeH 3HaMeHATeA 
pyHkunn ®, (p): 


N 
2 2 
p\) = pi" sid. —_ (= Ba ey Ba | ; 
L 2 


2X bie ety 9 2s ae ee 
B B 
An = Dp Se : ’ 
1 By nth i ] 
r= = BE = wa ag 
Tp P44 aie Up oy 
(iid tees 2 
3 MT WT * 
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H3 (6) — (7) u (9) — (10) nonyuum npn ¢ yy 


(ee) 
2M ~\ sin b, -2/l tt pipes 
= Po — = ; — eM cos ant; 
‘ k= 0, 0086, + (14 a)sinb, a? 
4 B id B 1% 
‘ B anv a 
: wa F(t ee ye ay 
1 2 fart yh 4+ ole. 
2Mz 2Mz 2Mz By Bs (t1 — 2)? 
is t -— =- (1 — ePat) 4 
7° tR* )) Bava $ TURE + TR? (Byty + Bote)? ( ny 
a 
if co A N 9 
M sin 6, -2/l B aT. Me 
+24F >) ( Da riaarrWeagey Vd ean ll ae de CD 


ai Db COs.y,. +(1-Fa) sinb, wot a7)? 

Hs (11) — (12) cnenyer, uro nox BunaAHHeM momenta cua M CTep?KeHb 
CopepmiaeT 3aTyXaiolllMe KoJleOaHHaA (XapakTepu3yeMble WieHaMu, cojepxa- 
mumu exp(— ynt) cos a,t) BoKpyr paBHOBecHoro 3Ha4eHHA qo. PaBHoBecHoe 
SHaveHve yrla MOBOpOoTa qo BOSpacTaeT C TeyeHHeM BpeMeHH UM COCTOUT U3 
Tpex uacTeh qo = gi + ge + Qs: 

; 2Mz 2Mz é 2Mz 2Mz 
ere Pe = pri Ps = Py > 
Bie}; B.S, TR 
a 


.. ay Ree TW R* © 

1 MpONOpUMoOHaIbHa BpeMeHu jevcTBuA ¢ appl cul M xu BpisBaHa mpo- 
meccaMM Bs3KOrO TeyeHHA. 1 = O, eCM HaHOONbIHee BpeMA peaKcalHn 71 
IBEJIMKO 10 CpaBHeHHIO C BpeMeHeM HAaOWOMeHUA (BepHee, ec T1 = oe). Iocae 
MpekpallleHuA CHCTBHA Mapbl CHI Pi He MeHAeTCH, T. €. ABIACTCA HeOOpa- - 
THMOM YaCTbIO MosyyecTu. 

2 ABJIACTCA MOCTOAHHOM YaCTbIO YIJla NOBOpOTa, BHe3alIHO BO3HHKaIOUMel 
M UCuesaIONeH Mp BHesalHOM NOABJCHMH WIM HCYe3HOBeHHH BHeMIHeH rapbl 
cH. 
| TpetbxA 4acTb yra NoBopota Ps Nocne NpHOKeHUNA Mapbl CH BOSpacTaeT 
OT HYJIA JO MAKCHMAJIbHOTO 3HaYeHHA. P3 OOYCOBIeHa HaIMYHEM HECKOJIbKUX 
IBpeMeH peslaKCallMv, T. €. OTMMYHOH OT HYJIA IWIMpHHOH penakcallMonHoro 
enektpa. B cayuae, Kora Bce BpeMeHa pesaKcalluli T, paBHbI MexLy Cobol, 
ps = 0. Ilocue npekpamenusx JelictBua napbl Cu Ps C TeYeHHeM BpeMeHH UC- 
WesaeT HU, CJIEMOBaTeIbHO, ABJACTCA OOpaTHMOH YaCTbIO MOm3y4ecTH. 
_ Wlocae 3atyxauua ynpyrux koneOannn B (11) ucuesaior 4ienbI, Comep»xallue 
exp(— Yat) cos dnt, a B (12) unenbl, cofepwamme exp(— t/t.) WIA T,, MeHb- 
MIMX BpeMeH 3aTyYXaHHA ylipyrux KoweOanni. Ilocne mpekpalilenun pelt- 
CTBHA BHEIWHHX CHJI HM Mocsefyiollero 3aTyXaHuA KOMeOaHHl corsmacuo (6) 
Bbipakenve IA CMeULeHHA yrla NOBOpoTa go MpuMeT BH (pH z=Z) 


oa N" 
J a as (eee 
; Oy = MIT Mt [ees Pe gprat Ee yl C8 g oat (13) 


mtR4 3 Bch TUR (By + Bots)* p=3 pb 
a 


rae At — Bpema rocule mpekpallenua yelicTBHA Mapbl CH H t,—Te BpeMeHa 
pelakcalMu, BeIH4MHA KOTOPLIX MpeBOCXOAHT BpeMA 3aTyXaHHA KovleOaHHi. 

M3 (11) naxoqum sorapudmuyeckuit AeKpeMenT 3aTyxanHua (JIA OCHOBHOFO 
ToHa KoNeOaHHi © = a1) 


N 
gad _y (2 farpaaa  D —_). (14) 


LTO UT Boo4 + wr? 


Hs (14) caenyer, uro 6 umeer N — 2 Makcumymops, KaxKybIli 13 KOTOPbIX CO- 
BeTCTBY€T BPe€MeHH peaKcallHH Ts, T4,..., Tv, IPH YacTOTAX, yOBJIeTBO- 
pxIoMAx ycroBHO wt, ~ 1 (4 = 3,4,..., N). Lua makcumanbunoro Bpemenu 
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pelakcallHH Ti, a TakxKe JIA BpeMeHH pewakcallHM 2, OTBedarolllero 
Bs (Bo/p He ABJINeTCA MaJIbIM 10 CpaBHeHHio C EAMHMUeH), HET COOTBETCTBYIOINAX 
IMMKOB BHYTPeHHero TpeHHA HM Mp KaKHX YacToTaXx. PeakcallHOHHble Mporec- ff 
Cb C BpeMeHaMH peJaKCcalHu Ti UM T2TpOABMAIOTCA B BUJe tboHa BHYTPeHHETO 
TpeHHA. 

Ilpu goctaTouHoO HH3KO TeMMepaType Ti M Tz HaCTOAbKO BeJIMKM NO CpaB- 
HeHHIO C BpeMeHeM HAaOMIOJeCHHA, YTO HX MOMKHO CUMTATS OeCKOHeYHBIMH. Tora) 
B (14) nepBpili H BTOpot WieHbI paBHbl HyJo. Ecm Kpome Toro BCe OCTAJIbHEIC | 
BpeMeHa peJaKCallMM alllIpOKCHMHpOBaTb OJHHM BpeMeHeM  pewlakcallHH 
(t, = 1), To (14) MpHMeT XOpolIO H3BeCTHBIM BHI 


4 


wt : ; 
6= Apo (15)) 

N | 

rye Ap = > B,/ — crenenb pesakcaunu. B 9THX yCOBHAX MaKCHMaJIbHOe | 


as 
cMelleHHe yria noBopota go OynzeT 2MLAp (mpR*) 7, 4TO 3HaYHTeAbHO MeHbIIe 
HAYaIbHOM AMIJIMTYIb KoeOaHHui, paBHol 2M/ (mpR*) + u He Bcerga HaOuIO- 
qaemo. 
IIpu focTaTouHo BbICOKHX TemnepaTypax, Kora Tz CpaBHHMO C BpeMeHeM | 
HaGJIOJCHHA, a T;= oo, AOrapudmMuyecKHH JeKpeMeHT 3aTYXaHHA M CMeleHue 
yria MoBopota OyyyT 


OF pte _ 2ME Ba te 
b= mo) Fo= GaRE By O*P (— Gas AM) (16) 


Kak cueqyeT u3 (16), MakcuMaslbHoe CMelleHve yrjia moBopoTa Po B B2/Bi F 
pa3 MpeBOCXOAMT MAKCHMAJbHYIO aMIWIMTyAy KoneOanHit (B2/B1 MomeT ObITb f 
CKOJIb YFOHO BeIMKO). C TeYeHHeEM BpeMeHH Nocye NpeKpallleHHA evicTBHA 
mapbl CHI CcTepxKeHb NpHXOJHT B HavalbHoe NosmowKenue. Jlorapudmu- 
ueCKHH JEKPeMeHT BOSpacTaeT C YBeJIM4YeHHeM TemMepaTypbl Oe3 MpoxomwKeHuA | 
yepe3 MaKCHMYM. 

YkKa3aHHble COOTHOIICHHA HAXOAATCA B KavYeCTBEHHOM COriacHH C OMBIT- 
HBIMH JLaHHbIMH, MIpHBeMeHHbIMH B (‘). 

B cuyuae, Kora Bo<p (a TakKKe T1 = 0; Ty = T) BbIpaKeHHe AA 6 (15) 
TIpHHHMaeT OOBMHbIM Buy (14). 

V3 usioxwKeHHOrO CleqyeT, YTO MAKCHMYMbI BHYTPeCHHETO TpeHHA COOTBET- 
CTBYIOT TOJIbKO TEM BPpeMeHaM pesaKCallHH T,,,J\JIA KOTOPbIX CTeMeCHb peakcallHH - 
Maula 110 CpaBHeHutio c efvHuteH Ap, = B,/p< 1 (T. €. KOTOpble COOTBETCTBYIOT 
MaJIbIM BeJIMYHHAM JIeKpeMeHTa 3aTyXaHUuA). PemakcalMOHHbIM nporecc, oby-— 
CJOBIMBAaIOULMH 3HAUMTeIbHYIO CTeneHb pemaKcalnu (B,/ no NopAKy Be- | 
JIMYMHbI CpaBHHMO C eHHHWeH), He HMe€e€T MAKCHMYMA BHYTpeHHero TpeHHA | 
M TIpOABJAeTCA TOJbKO B Bue (OHA, BO3PacTalollero C YBeJIMYeHHeM Temiepa- 
Typpt T Kak exp(— Q/RT), rye Q — aHeprua akTuBallMu mponecca, R — ra- 
30BaA MOCTOAHHAA. 

MakcuMasIbHoe BpeMA pesakcallHu B CMeKTpe BpeMeH peaKkcallHii CooT- 
BeTCTBYe€T TOJIbKO (OHY BHYTpeHHero TpeHusA. BuyTpeHHee TpeHHe, OOycJIOB- | 
J@HHOe TOJIbKO OMHHM pelaKCalHOHHbIM Mpoleccom, He HMeeT MaKCHMyMa 
HM IIpH KaKHX YacToTax HM TemMepaType. Ja Toro uTOObI BHYTPeHHee TpeHHe | 
HM@JIO MAKCHMYM, HeOOXOMMO, UTOOBI CYHIECTBOBAJIH HeCKOJIbKO BpeMeH pe- 
JaKCaWH, MAKCHM@JIbHOe H3 KOTOPBIX MOXKET ObITh paBHbIM OeCKOHEUHOCTH. | 

HnctutyT metawiopeqeHua H (pPH3HKH MeTAJIJIOB [locrynu0 
[eutpaibHoro Hay4HO-HCCAeqoBaTeNbCKOrO HHCTHTYTAa 7 XII 1960 
yepHOH MeTaimyprun um. HW. II. Bapguna 


WHTHPOBAHHASA JIMTEPATYPA 


: 1H. C. ®actos, Tlpo6nemp metanopen. u (Hs. -mMeT:; B. V, 1958, crp. 5bDOR 

H. C. ®actos, Tam xe, crp. 588.. ?B. A. Tutrxun, Il. U: Ky 3HeLOB, 
CnpaBouHHk Mo onepattHonHomy ucuneenuto, 1951. 4H. C. Bo DUM ICO bya, eae Ges 
3eHOepr, PenakcalMoHHble ABNEHUA B MeTaWIaX H CimaBax, Tp. MexkBy30BcKoro coBeul., | 
1960, crp. 241. 
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oxnxayo Akayemun nayr CCCP 
1961. Tom 138, Ne 5 


TEOPH3HKA 
M. B. PAJIMH 


BbIJEJIEHHE JJIMHHbIX BOJIH MPH THAPOJHMHAMUYECKOM 
NPOrHO3SE MOJIEM JABJIEHHS B CPEQHEM HW BEPXHEM 
TPOMOCHEPE HAJ CEBEPHbIM NOJIYHIAPHEM 3EMJIN 


(IIpedcmaeaeno axademukom JI. H. Cedoseim 16 I 1961) 


OrnpaBuasacb oT pabotnt E. H. Bannosoi (7), Mbl Maum pewenve 3aqaun 
(0 JOMTOCpO“HOM IIpOrHO3e MaJIOH 3a0J1IaroBpeMeHHOCcTH BbICoT 700- H 300- 
MUJIMOapOBbIxX H300apnyeCKUX NOBEPXHOCTeH, OFPaHHYMBAaACh JIMHEMHbIM TIPH- 
O1uxeHneM. J. STOO JIMHeEapH3HpyeM MO OTHOLUICHHIO K 3ataHO-BOCTOUHOMY 
TlepeHocy ypaBHeHHe H3MeHEHHA BUXpA HM YpaBHeHHe MpuTOKa Terlua, MOJIb- 
3YACb TEM 2K METOJIOM, 4TO H B paboTe (?). YruioBad CKOPOCTh 30HAaIbHOLO MOTO- 
‘Ka B IIPHHATOM HAMM MOCTAHOBKe MOXKET MeHATHCA-C BbICOTOH, HO He 3aBHCHT 
oT wmpotn. IIpornos qaeTcaA Ha OCHOBe JBYXYPOBCHHOH MozesH aTMocdepp. 
Sa XapakTepHble ypOBHH B3ATbI NOoBepxHocTH 700 u 300 MO. 

B KayecTBe KpaeBblX YCJIOBHH IpHMeM PaBeHCTBO HYJIIO BEPTHKAaJbHOL CKO- 
[POCTH Ha 3eMJIe HM PaBeHCTBO HYJIIO BEPTHKaJIbHOrO MOTOKA MACCHI Ha BepxuHelt 
rpannile aTmocdepbl. Caa3b MEXKLY MOeM CKOpOcTeli HW MOJIeM AaBJIeHHA OMH- 


I€M C MOMOIMLbIO COOTHOLICHHA TeocTpopuyHocTH yp = = 2, re p — dyHKuua 


ToKa, Z — BbICOTa H300apHyecKOH NoBepxHocTu, / — napametp Kopwyouiuca. 
Jas MpocToTbl pacueToB MbI OyeM NOHHMAaTb nog / ero cpeqHee 3HaueHHe 
AA WOMyutapHA, XOTA He TIpeAcTaBIAeT Tpya y4eCTb e€fO 3aBHCHMOCTb OT 
(UM poOTHt. 

IIpornoctuyeckve ypaBHeHHA B 9TOM CJly4ae MPHBOAATCA K Buy (cM. (%)). 


Me 2; H 23;—BbIcoTH 300- Hu 700-muIH6apoBbIxX H306apHyeCKHX MOBepXHO- 
sTeH; @, H @3;— HHJeKCbI WHPKYJIAWHH Ha TeX Ke NMOBEPXHOCTAX; W — Yrvio- 
3a cKopocTb BpamjeHua Seman. I — spegenHpli E. H. Bannopok (7) ma- 
DaMeTp, IH KOTOporo GepeTca cpeqHee 3Hay¥eHHe TO NOycdepe 


ee el) oS lee 
i 4w* cos? ‘a ; 


ylecb 7, — cpefHee lo BLICOTe 3HaAYeHHE TeMMepaTypbl; Y — BepTHKaJIbHbIii 
‘payueuT TemmepaTypbl, Y, — alWaOaTHuecKHH rpayMeHT TemmepaTypbhi. 

_ IIpH 3HaveHuax pa3HocTH a, — 3, O6mbwIHx 0,037, cucTema (1) JomyckKa- 
‘T, KaK MO0Ka3aHO B (*°), HeyCTOHUMBbIe PelIeHHA, T. €. TAKHE BOJIHOBbIe pe- 
UeHHA, AMIMJIHTYa KOTOpPHIX JKCHOHEHWHaIbHO BO3pacTaeT CO BpeMeHeM. 
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B yCTOHYHBOM ciyuae PelleHHe, YOBJIET BOP AWOLLEe HauvaJIbHbIM JAHHbIM, 
MuMeeT BHI ; 


23= > dy [Ma (t)cosma + Np (t)sin ma] Pi (cos 8), 


ste (2) 
a= >) >) [Mi (t)cosma + Nir (t) sin mA] Pr (cos 8); 


MP(t) = Cin COS mont + D™ sin mokt ++ Cy, cos mont + Dy, sin mont, 

N™ (t) = Df, cos mont — Cin Sin mont + Dz, cos moit Ce sin more 

M™ yu N™ ppuncamores mo dopmysam (3) c s3ameno Cy u Dy na 

Cee 

Ci = aie yi An 1 BLA ee Cia ad A 4 wie B° At, 

‘ie = aD Ba + B2Br, jo — Chey os ale Bp 

oa = BAR — BY An Ay Co = a ees > nA 

Me a = BiBn aa eB, Din = > lei a BeBe 


(4) 


we : B—2AV 
8, = — haba, a ' 
rn ait fr rn » V B— A2 (4— A?) V2 (5) 
3 172 4 — 
Bn — abn | a 9 VB = AG ) p2 
SAO 
a = l aX = ’ 
Si,’ fF Os 
52. ee ee eb A a (6). 
ee 8TO 2 NN ae) A (A+ 2) , 


Bi Or. hea ee) Le "5 (Og ia), 


Av’, BY A”, Bi” — xoahpunnenTH pa3ssoxeHuA 10 cciepnyueckuM (pyHKILMAM 
Hayabupix nomen AT-700 u AT-300 cootTBetcTBeHHo. 

Hauabupie MOuId CHUMAJIMCb HaMH C KapT aOcoJOTHOH TonorpadHuH ce- 
BepHOrO MOsymMapuaA OT 6 = 5° no 6 = 90° (0 — gonomHeHMe JO WIMpOTHI) C 
ularom B 5° (Bcero 18 mupot). Ilo qonrote WaHHble CHAMamHCh OT Ah = 0° 
mo 4% = 350° c marom B 10° (Bcero 36 Touek). Takum o6pa30M, Ha BCEM 
MoyuapHu aHHble cHuMaroTcsa B 648 y3uax rpayycuon ceTKu. Ja ocTa- 
TOUHO TOUHOTO TIpeACTaBJIeHHA HavaJIbHOTO MOJIA B CTOJIb OOJIbINOM KOJIH- 
yeCTBe TOURK IIPHXOANTCA OpaTb B pxax (2) MHorouneHoB (m < 18, n < 36). 
Beero 3To JlaeT B paax (2) no 252 wiena c pa3sM4HbIMU m Mu Nn. Takoe OOJIb- 
ioe KOJIMYeCTBO YIeHOB OGecneyHBaeT TpelcTaBMeHHe HauaJIbHOTO NOMA C 
TOUHOCTbIO WO | KM. 

Yka3aHHand pacueTHand CxeMa OblJla peaIH30BaHa Ha 3JIEKTPOHHOH CuUeTHOU 
MallHHe «Ypai». Becb cueT pacnagaetca Ha TpuH 93Tana. Ha mepBOoM 
9Talle MpOW3BOANTCA pa3zsOKeHHe HayabHbIx nosei AT-700 u AT-300 B 
pAdbl WO cchepHyecKHM (yHKUMAM, T. €, MOMCUNTEIBAIOTCA KOSGPUMHeHTHI 

, Br, An w« Br. Kpome Toro, Win HCXOQHbIX Nose BEIYMCAAIOTCA cpell- 
He3OHa/IbHBIe 3HaYeHHA, a MO HHM HaXOAATCA HHJCKChI WHPKYJAWMH G1 H Og. 
Ha BTopom ugh AIOE ane betas mo dopmysam (5) u (6) 3HayeHHA 


4 
BetHYHH Br, Bn, Bn, Bn, On H Op, OTBEUAIONINe HaliqeHHOMy 3HAaYeHHIO pay 
HOCTHE Sirs. © a 3aTem m0 dopmywiam (4) u (3) Haxogatcs byHKunn My, 


m m 
n> Mn, w Nn, T. @. MaeTed mporHos KosPullHeHTOB pa3slOxKeHHA. 
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Ha Tperbem 9Tarle MpOHCXOANT BOCCTAHOBJEHHE MPOrHOSHPp YEMbIXx novel m0 
DIUHCJICHHbIM KOIPPHIMEHTAM Pa3sJIO*AKeHHsA. Cuer uget mo copmyviam (2). 
Ja feuaTb BbIBOLATCA TOJIbKO OKOHYATeIbHbIe pesyibTaTEI. [IpomexyTOuHble 
eIMUMHBI, T. €. PeSyJAbTATHI MepBOrO H BTOPOLO STANOB, 3allHCbIBAIOTCA H XPa- 
[ATCA Ha MAPHHTHOH JIeHTe. 

JLaa OWeHKH ONpaBAbIBAeMOCTH MIPOFHO3a BEIYHCIAHCh BeMYMHB 1 H Es 
ye r — KoadpuunenT KOppeIAMMH Mex HaGJMIOJEHHIMH HM 1peCKasaHHbIMu 
[3MCHeEHHAMHM BbICOTbI HZ0OapHuecKOH MOBeEPXHOCTH, a E — cpefuaa adcovroT- 
ian ownO6Ka. IIpu ouenke Opastocb He BCe NOJyuapHe, a o6acTb, OrpaHHyueH- 
faa napaamenamu § = 20° u 6 = 50° uw Mepujnanamu Se 0 A SO 
3 aTy OOMAaCTb, OXBAaTbIBAIOULy!0 Sanagnyro Espony u Esponelicky Tepputo- 
yu10 CCCP, nonagaet 56 ToueK Halle ceTKH. 

Tora Kak JIA MepBoro AHA KOSPPUILMEHT KOPPeMALLMUM LOCTATOUHO BBICOK, 
; NOCEMYIOULHe CYTKH OH OOHAPYKUBACT SHAYMTEMbHOE NakeHHe (cm. Ta6u. 1). 
*TOJlb B3AMCTHOR MaleHHe OMpaBAbIBAeMOCTH Ha BTOPble i oco6eHHO Ha TpeTbu 


‘YTKH MOXKET ObITh OObACHEHO 


JeTOUHBIM y4eTOM  J\JIMHHbIX Tao zamast 
30H. ; . 

' leno B TOM, YTO, cTporo ro- aS 

30PA, BEJIMYNHbI 2) HZ, BXOMA- 4 cyt. | 2 cyt.| 3 cyt. | 1 cyt. |. 2 cyt: | 3 cyt. 
IWe BOMHOPOAHHIe §=JIMHeMHbIC : | 

ypaBHeHua (1), QouKHbI COH- 

faTbCA He CaMMMM BBICOTAMH © Cxema 1 | 0,63 |'0,38.|—0,02].4,1 | 8,2 | 13 
a300apHuecKUX NOBepXHocTeH, Cxema 2 0,70 | 0,70 |. 0,67) 3,4 ) “9,4 5,8 


a ckopee HX HeCTAaI\MOHapHbl- 
MH He3OHAJIbHDIMH YaCTAMH. 
B 1943 r.(?) nu. 8 1946 r.E. H. Bannopanpesaaraia nporHo3upoBaTb OTKMO- 
HHUA MeTeOpOJIOrMyeCKUX BeHYHH OT HX KJIMMATHYCCKUX 3HaueHHH, T. e. 
APOrHOSUpOBaTh «AHOMAJIHH» MeTeOPOJOFHYeCKUX BeJIMYHH. STO TpuMeHH- 
Mo HM K Halle padoTe. 

Anasn3 cbakTuyecKoro MaTepHasla MmoKasbiBaeT, YTO B MpHpose AIMH- 
HbIC BOJIHbI LaBJICHHA MOUTH CTAILMOHAPHb!: OHH COBEPLIaloT OT CYTOK K CyTKaM 
HeOOJIbIIHe CMELLCHHA M10 (base OKOMIO HEKOTOPOTO CpeAHEFO MO1O%KEHUA.ITH BOI- 
HbI MOK HO MpHOM2Ke HHO OTOKACCTBUTH C KMMATHYCCKMMH HEMOLBHXKHBIMH BOJI- 
amu. Ho Tora Mbi MOXKeM CUNTATS KAHOMAIIHU» ITUX OOJIbUIMX BOJIH HYJIAMH — 
OHH He AO/KHbI yuacTBOBATb B Halliem mporHose. Mes STO B BUY, Mbl NOCTPOH- 
JIM MpOrHosbl, CUHTAA, YTO BOJIHbI, COOTBETCTBYIOULMe HOMEPaM /7l — 12 -u 3; 
HeNOABMKHLI. DTa mpollelypa avasorn4yna TON, KOTOPylo IIpHMeHAeT Boubd pu 
cocTaBJleHHM HeMHelHOrO GapoTponHoro mpornosa (*) 

[lpornosbl 10 STON CXeMe ONPaBAbIBAIOTCA 3HAYMTEIbHO JTYHINe. Jina WuJ10- 
CTpallun MpHBeeM MpHMep MporHo3sa KapTbl AT-700. B KayecTBe HCXOJHOH 
6biia B3ATa cuTyalua Ha 711959r. Uncnenuple oeHKH ONpaBbIBAeMOCTH Ha 
1, 2u 3cyrku mpuBexensi B Tabu. 1, rae nog cxemoii | noHHMaeTCH OObIYHEIH 
Mpornos, a WO cCxeMOH 2— MporHo3 co cTaOuH3alluel JIMHHbIX BOJIH (cpez- 
aad aOcomoTHasd ouM6Ka E ana B wekamerpax). Puc. | u 2 HsKOCTpHpyloT 
pornos Ha 3-H CyTKM MO Cxeme 2. 


Uneruryt mpuksalnol reopusnku TlocrynHwio0 
Axayemun HayK CCCP 46 1 1964 


ILMTHPOBAHHAS JIUTEPATYPA 


1E. H. Bannosa,~JIAH, 111, Ne 6, 975 (1956). 2E. H. Bawnosa, JAH, 
| iF Ne 7, 284(1943). °M. B. Paann, Yas. AH CCCP, cep. reopus., Ne 4; 570.(1959). 
4/P, M. Wolff, Monthly Weather Rev., 86, Ne 7, 245. (1958). ag 
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Jloxaanm Anagemun nayx CCCP 
1961. Tom. 138, Ni 5 


TEOPH3HK 


B. M. KAMEHKOBHY 


OB HHTEPPHPOBAHHW YPABHEHHA TEOPHH MOPCKUX TEYEHH 
B HEOMHOCBSA3'IbIX OBJIACT 1X 
(I1pedcmaeaeno axademukom B. B, Mlyaetixunuim 28 XI 1960) 


PaccMorpuM CHadadia OCHOBHbIe ypaBHeHHsA TeopHH OkmauHa (') AA ycra-y 
HOBUBINHXCH BETPOBbIX TeYeHHH B OMHOPOJHOM IO IVJIOTHOCTH MOpe. Ooulaa 3a-~ 
java BYTOM Cly4ae (BKNO4AA H ONpeedeHHe CKOpocTeH TeYeHUA Ha OTICJIbHbIX 
YPOBUIX) MOKET ObITh CBECHA K peweHHio C/leLyouleH CHCTeMbl ypaBHeHHH WIA! 
HeEU3BeCTHBIX Sy (A, 9), So (A, 9), & (A, 9): 


a aa A (h, 9) S, + B (A, 9) So + Fa (A, 9); (1) 
=a B (A, 9) S, +A (A, 9) Sp + Fo (A, 8); (2) 
OS) | 0 , : | 
a} OO. (sin 0. So) = 0. (3) 


Ypapueunsa (1) — (3) sanhcanbt B ccbepnueckoit cucTeMe KoopAuHaT: A oT- 
CUHTHIBACTCH TO KPYPY WHpPOTbl B BOCTOUHOM HalipaBJeHHH, § 10 MepHjMaHy OT) 
lOxnoro Movtioca; ao — paquye Geman; C (A, 9) — ypopenb mops; S, u Sp — 

H H 


KOMIMOHEHTHE HOJIMOrO TOoTOKa; S» \ Wie mone: | vu dz, rye u — 30HabHag, 


0) 0 
av MepHJMOHaJIbHad KOMNOHeHTEE CKOpocTH; HH (A, 0) — lepeMeHHas ruly- 
Ouna Mops. Dynkunn A, B, Fy, Fy uapectup; A (A, 9) > 0; Fa u Fy 3aBucarT 
OT HSBCCTHbIX KOMITOHCHT BETPOBOLTO TPCHHs. 

B pa6ote Okmana (') Jin pelleHHsA Baja4H COCTAaBJIANOCb OJHO ypaBHenHe 
win 6 (A, 9) © BecbMa COXKHDIMH KpaeBbIMA ycnoBHaMH, Kak mnoka3ad 
A, HW, Menbsen6aym (*), MOXKHO CyeCTBEHHO YIIpOCcTHTb paccMoTpeHHe Borpo- 
Ca, CCJIN COCTABHTh YpaBHeHHe Jit (PYHKILAM MOHbIX MOTOKOB tp (A, 9), onpese- 
AeHHe KOTOPOH B OJHOCBASHOH OGACTH CBOANTCA K pemleHnio 3ayqauH Jupuxsie 
JWI HCKOTOPOLPO IIWIAMTHYeCKOLO YpaBHeHHhsA, 

OMaKO paCCMOTPeHHE TOJIbKO OMHOCBA3SHBIX OOJIacTelH pH H3yYeHHH Mop- 
CKHX TCUCHHH ABHO HEOCTATOUHO, BO MHOPHX 3aflavaX Mbl CTaJIKHBaeMCA C MHO- 
POCBASHbIMH OOACTAMH, TAKHE 3ala4H HMeIOT CBOIO CHeWHDUKY, MpHYeM MeTOJbI 
pelleHitst HX elle He Coslanbl. MOXKHO MIpeWIOKUTh CeLYIOULMA MeTOR peuieHHsA 
Salaun JIS MHOPOCBsABHOH O61acTH. 

Ilycrh D — MnorocBa3nad O6/lacTb, B KOTOpOH MIeTCA pellieHHe ypaB- 
nennit (1) — (3); Po — suemnuit Kontyp; Ty, ..., 0, — BAYTpeHHHe KOHTYpbI; 
{—- HallpaBsienHe KacaTebHOH K KOHTypy; V — HallpaBjieHHe BHYTpeHHeH 
HOPMaJIH, OOXO KOHNTYpa NOMORKUTeMeH, ecIM OOacTb D octaetes caeBa. I1pu | 


NPHHATHIX OOOBHATCHHAX TpaHH4Able yCOBHA 3aadH MOryT GObITb sanlcanbl 
B BHe: 


Syir,=0, k= 0,1,...,2. (4) 


TakuM 06pa3oM, Mbl JO/DKHbI peuInTh ypaBuenusa (1)—(3) B MHorocBaA3HO!t 
ooacTH D Tip rpannuntx yesoBusax (4), 3ameTuM, ¥TO ypoBeub © uuleTeA C TOU- 
HOCTbHIO NO MpOUSBOJIbHOH NocTroAHHOH. 
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B cualy ypaBnennsa (3) MO*KHO BBECTH (PYHKILMIO HOJIMbIX MOTOKOB C/Ie@/LY10- 

MMH COOTHOWICHHAMH: 
. Op : ON) 

: S ; 5 

Si agg "78 dy sin QOK (9) 


i — ae 


Tlogcrapasis (5) B (1) u (2) HM ucKsO“aN C M3 9THX ypaBHeHnHi NyTemM nepe- 
pecTHoro AndpepenwNpoBanHns, MPHXOMMM K ypaBHeHHIO JWI Ap (A, 0): 
1 0 ( ' ON | 0 Ow ONp OB 
ey cin 6 2 ‘) ( 
sin adQ A sin 00) | dy Sin) OK A (ty Sin () OX ) | MO) ay Sin Q dA 

ON OB | 0 ‘ OF 1 
ais ES sin 0. F 
a sin QV OA aO() sin) amd (sin + #"5) a sin () OA * (6) 


\ 


i! 
_ TPpannunpie yesonus Jit ypabnenna (6) cuesyior 43 yenosuii (4), PynKuns ap 
OJKHA ObITh MOCTOAHHOH Ha KaXKJIOM Ppann4nom KouType, [locKoubKy PpyHK- 
Ws Ap OllpeeieHa C TOUHOCTHIO NO NOCTOAHHOL, MOXKHO MOJIOMKUTh 


f ‘p Ir, (), (7) 
_ Tora vMeem 

; p |r, Qk, k 1g Pe ee (8) 
' 

_ Tlocrosnupie Qi,..., Q, HaM HensBecTHbI. Pasnocrn Besnunn Q, ollpe- 
en st10T NOJHbIE PaCXOMb!l BOLI B COOTBETCTBYIONLAX TpovinBax. Tloytomy scHo, 
TO BeNMUnHbE Qi,..., Qn MpOH3BOIbHO He MOryT ObITh BajaHbl, a JOJOKHBbI 


MpenesATbeA 3 peulennA saa4H, 

A. HU, Denpsen6aym o6parus BHAMaHHe aBTopa Ha OM YacTHbIl curyyali, 
ora 9TH MOCTOAHHbIE MOryT ObiTb Halifenbl, Munya ypaBuenne (6), Ec 
laccMoTpeTb OOacTb D B BHe KoMbIa O <A << 20, O1 <— 0 Qe, TO TIpH Mo- 
TOAHHOH PAyOMHE HM 3OHAMbHOM NO/e BETPa MOAKHO HATH pellenne ypaBue- 
fu (1)—(3) B Bunge Sy) = 0, S, = S, (0), ¢ (0). Ouepuyno, 4ro yeoBnA 

Wh, 


) BbinosHaoTed. Pacxox Q naxomuredn: Q \ S)(9) ao do, 
‘ 0, 

_ PaccMoTpuM s3aja4y B OOuLeM Bue. Ilycrh Ham yavloch HaliTH yHKILMIO Mp, 
ora no cooTHoulennsaM (5) nalinzem S, nu Sy, Honerapian ux B ypaBnenua (1) 
(2), IpHxoMM K Bajaye onpesedennA C 10 ee H3BECTHbIM YACTHDIM IPOH3BO]L- 
bIM. YpaBnenue (6), KOTOPOMY JOMKHA YLOBMETBOPATh (PYHKILAA Ip, BbIPaKaeT 
WIOBHE PaBeHCTBA CMeIWIAHHbIX MpOHSBOANbIX (pyHKiHH C. Ho, noekO/IbKY MbI 
eM OHOsHAUHY10 (byHkunio 6 B MHorocBAsHOH OOacTH D, ofnoro 9TOrO yeulo- 
4A HemocraTounoO. IIpH BhInoHeHHH ypaBHeHHA (6) HeEOOXOJMMbIMH HM jocTa- 
MHbIMH YCJIOBHAMHK BOSMOXKHOCTH OFIpeleeHHnA CB OONAaACTH D wHJIHIOTCA ewIe§ 
JOULE =YCOBHA: 


} : 0t at , ( 
j mah + sdd=0, k=1,.. 50. (9) 
hk 


| Ucnonp3yn sbipaxenna (1), (2), (4), (5), yeropua (9) MomwHO 3anHcath 
pure 


@ AX doy +> Fido =0, k=1,...,2. (10) 
Vp Vy, 

%—9NleMeHT JlyrH KoHTYypa ly; /’y — KacaTeIbuaA K KOHTYpPYy COCTAaBUJIAIO- 
an BekTopa F = {F,, fy}. Urax, ucKoman (pyHKUHA NOJHbIX NOTOKOB JLOJDKHAa 
(OBIETBOPATh ypaBuennio (6) H rpanH4nbim yeoBnsaM (7), (8), (10), Hlokamem, 
© Takanw (PyHKUHA MO*KeT OpiTh Halijena e/MHCTBEHHbIM OOpasom. 
JlelicrButTenbuo, JerKO floKa3aTb, YTO peuienHe ypaBnenna (6) Tipu yeuo- 
wax (7) uw (8) Mower OpiTh ipeyeraB/eHo B BHILe 


p Wo + | Qe Pp. (1 1) 
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MyuHKUMA Yo eCTb pellleHve HeOMHOPOAHOrOy ypaBHeHHA (6) pH HyJeBbI 
3HaYeHHAX Ha Bcex KoHTypax To, Tu, «.., Pn. PYHKUMH p, .. ., Pn — pelle 
HHA OLHOpomHoro ypaBHeHusa (6) MpH CileqyIOWMX PpaHH4HBIX YCOBHAX: H 
BCeX KOHTYpax, 3a HckoueHHeM Ty, PyHKWAA Ye paBHa 0, Ha KOHType 
yHkmna tp, paBua 1, DyHKIAH tp, P, . . -, Pn B CHIY OMHOSHAYHOM paspelll 
mocTH 3aqaun Jlupuxse A 9IMMTHYeCKOrO ypaBHeHHA (6) ABJIAIOTCA BIIOJIH 
onpeeseHHbIMA (byHKIMAMH M MOryT ObITh HalieHbl. — 

Tlogcrapaas (11) B (10), mpHxoauMk cucTemMe n JMHeHHBIX aslreOpanueckH 


ypaBHeHHH JIA OMpeseteHHA BeHYHH Oi ae at: 
fl i 
arp, fa) : | 
Sq: § ade, +9 (4 Se, Vac eee ee 
1 Dp : Vp : 


Onpefeuteb 9TOH cucTeMbI He paBeH 0. UTOOb! AoOKasaTb 9TO, NOCTATOUHH 
HOKa3aTb, YTO OMHOPOAHAA 3aqaya WA ypaBHeHul (1)—(3) UuMeeT TombK 
TpUBUabHOe pelieHve. JlevcTBUTeIbHO, MyCcTb Cy, py — HeETPHBHaMbHOe péE 
WeHue OLHOpOsHOl 3aqaun *. DyHKUMA Py YAOBMeTBOpAeT OHOPOAHOMYy ypak 
HeHmio (6) Hu py |p, = 0. Tak Kak py 32 0 B oOnactu D, To xoTa Obl Ha OJHO} 
BHYTDeHHeM KOHTYpe py OTAMYHO OT HyIA. BuiGepem KonTyp I’;, rye 3HayeHHerp} 
HanOoubulee. Ha sToM KOHType Opy/Ov < 0 (3). Ilockonpxy A > 0, MbI MMee 


ol) . 
> A a do; aS QO, 
Ty Ae 
4TO HEBO3MOXHO, TaK Kak 


CN CN Oy 


Tlocne ompegetenna Qi,..., Q, W3 ypaBHeHui (12) ucKoMaad dyHKILuA 
cocTaBuIseTCA oO cbopmyvie (11). 

Ycsosve (10) MoxeT ObITb NepenucaHo B BHJe (Ha OCHOBaHHM COOTHOILIE 
HHH (5)): 


} ASido; =— 4 Fido, &=1,...2. ad 
Te 


Ip 


CootHomenue (13) mo3BoaseT, He peliad ypaBHeHu (1)—(3), onpezenut 
HallpaBJIeHHe WHPKYJIALHM BOLL BOH3M ocTpoBa. Ha BaxkHyI0 pOb HepaBHg 
MepHOCTH BeTPOBOFO MOA Np ONpeeeHHH HallpaBJIeHHA WHpKYAAWMM BOKp 
OcTpoBa Oblwio yKa3aHO B paOoTe B. B. Illroxmana (’). 

B pa6ote (°) Moyesb OMHOPOAHOFO MO MOTHOCTH Mopa Oblua MpesoxKena J 
aHaJI43a OCOOCHHOCTeli B pacipeleseHHH MOJHbIX MOTOKOB B AHTapKTHKe Tipe 
rlepeMeHHOM pevbede WHa. B sToM culyyae OONacTb D oKa3piBaeTca IBYCBASHOM 
M MbI HMe€eM TOJIbKO OJHY HeH3BeCTHYIO NOCTOAHHY10 Q (MOMHEI pacxoy AnTapyy 


$ (A a Ee F,) ds, 
pull T; } 
Ty 


IIpu onpegzenenuu cbyHKuUi tpo, 1 U3 ypaBHenua (6) Obl UCMOMb30BaH 
aCHMITOTHYeCKHe MeTONbI, H30x%KeHHbIe B (°). IIpH BemuunHe KoadpuHeHT 
BePTHKaJIbHOrO OOMeHa uw, = 1,4-10? cm?/cek BermunHa Q = 1,4-1014 cm*/cel 
uTO XOPOlO corjacyeTca Cc JaHHbIMH HaOmOZeHHE (*). 


no jopMyvie 


“ Ecau S, a S, uspecrubt, To B culy ypapHenua (3) u ycnosuit (4) cbyHKuna Y Beer, 
MOXKET ObITh MocTpoena B OOsacTu D. . 


1078 


PaccMOTpMM Tellepb yCTaHOBHBIIMeCA TeYeHHA B HEOMHOPOAHOM 110 MJoT- 
locTH Mope. B 9STOM cay4dae onpeseseHve 9J1eMeCHTOB TeYeHHA Ha OTACJbHBIX 
POBHAX BCTpeyaeT O4eHb OoONbIUHe TpyAHOCTH. Oguako, KaK moKa3au 
. B. UWroxman (*), Qs NOIHbIX MOTOKOB B OapOKJIHHHOM Mope MOryT OBIT 


COCTaBJICHLI CueMyIOUlHe ypaBHeHUA, KOTOpble Mbl 3anMieM B cibepuyecKoii 
cucTeMe KOopaHHAT: 


P A, AS, +T,—20 py cos 9-Sy = g = ee : (15) 
? 0 

APAS, 2 Ts 2a, cos 0-5) = en (16) 

0 

j OS), 0 : 
Snecb A; — KosPHUNeHT FTOpPH30HTaIbHOrTO TypOyJeHTHOrO OOMeHa; 7), 
H z 
W T) — KOMMOHEHTHI BeTpOBOroO TpeHua; P = \ dz odz, rae p — NepeMenuHaa 
r 0 0 


MOTHOCTb; © — yrOBad CKOPOCTb BpallleHuaA Semsu; po — cpeqHee 3HaueHHe 
fmmotHoctu; A — onepatop Jlamsaca. 

ByyeM WckaTb pelienus Sa, Sp, P ypaBuenuh (15) — (17) B o6uacru D c rpa- 
oe yCIOBHAMH 


Sytem Sipe 0, b= 0,15... 2,77. (18) 


BpefeM, Kak 9TO CleaHo B (°), (yHKUMIO MOIHBIX HOTOKOB wp (COOTHOLIe- 
Hua (5)) MH COCTaBHM JIA Hee ypaBHeHHe IyTeM UcKMOVeHHA dbyHKuNU P U3 
ypapuenul (15) u (16): e 

| Me ose OY at a Wey id tte ye 

A,AAW Qj AON  a,sin§ Or lsin § a) 06 (sin 8-7). (19) 

V3 cooTtHomenui (18) nmomyuaem caenyrollve TpaHvyHble yCAOBUA WIA 1p: 
x Op uy Op iil 

Yes Ov Stites | ,, = Qe ine as, ie [eae Sal a 8 (20) 


YcNOBuA OfHO3HAUHOCTH PyHKuHH P B oOMacTH D HaksJafbIBaioT Ha ip oO- 
(MOJHUTeIbHbIe OrpaHHuenna, DyHKUMA Pp TOIMKHA YNOBJIETBOPATb CJIeYIOULHM 
‘YCJIOBHAM: 


0 
| Beira sarc 1448: = 0. b ==. (21) 
R k 


5 


Ycaopua (21) c HOBO TOUKH 3peHUA BLIABJAIOT POJIb OOKOBOFO TpeHHA BOIM3H 
OeperoB OacceliHa B CJly¥ae OapOKJIMHHOTO Mops. 

Ilo aHasloruu c y2xKe pacCMOTpeHHBIM CJlyuaeM, MOXKHO BBECTH OasHcuble PyHK- 
TLHH po, i, . . ., P, HW WpelcTaBUTb p B Bue AHHeEHHOM KOMOMHALHM STUX PyHK- 
uni. Ja onpexetenuad PYHKUH tpo, Py, . . ., Pr HAO PelIMTb MepByt1o KpaeBylo 
Bamauy (Ha rpaHutle OOacTH 3aqaHa PyHKUMA Hee HOPMAbHAaA TpOM3BOTHAaA) 
aa ypapHeuua (19). Ilocae storo yenosua (21) qatoT n AMHeHHbIX alreOpau- 
MecKHX ypaBHeHHH JIA OllpeyeseHHA HEHSBECTHBIX MOCTOAHHBIX Qi,..., Qh. 
_ B 8aksuoueHHe OTMeTHM, 4TO aHaJIOPHYHbIM MeTO OllpeseseHvA HeM3BeCT- 
‘HBIX KOHTYPHbIX NOCTOAHHBIX Qi,..., Q, HCHONb3yeTCH B TEOPHHN Kpy4yeHHA 
icTep»KHeli C HeEOJHOCBA3HBIMH ceyeHHaAMM (°). 


VMuctutyT oKeaHooruu Tocrymuo 
AxagemHH HaykK CCCP 27 XI 1960 


IMTHPOBAHHAA JIMTEPATYPA 


1y. W. Ekman, Ark. f. Mat., Astr. och Fys., 17, Ne 26 (1923). 2A. HW. @Mens- 
83&HO6OaymM, Tp. Wucr. oxeanonor. AH CCCP, 19, 57 (1956))} %O. A. Onetunk, 
(Matem. cOopu., 30, Bs. 3 (1952). * B. B. U1tokman, Yas. AH CCCP, cep. reorp., Ni 4,29 
(1954). 510. A. Upanos, B. M. Kamenxosuy, JAH, 128, Ne 6 (1959). 
®B. M. Kameuxosusy, JAH, 134, Ne 5 (1960): 7B. TI. Koprt, Uadopm. Gon. 
SopetcK. AutapKTuy. skcnegumuu, 9 (1959). *® B. B. UltoKman, Tp. uct. oKxeaxonor. 
(AH CCCP, 3, 3 (1949). ® JI..C. Jleu#6eH30n, Kypce Teopuu ynpyrocm, 1947. 
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Jloxaagm Axagemun nayr CCCP 
1961. Tom 138, Ne 5 


TPEO®HSHKA 


A. Tl. XBAH 


O HAPACTAHHH JJIMHbI BETPOBOM BOJIHbI HA MEJIKOBOXHOM | 
MOPE 


(ITpedcmaeaexo axademuxom B. B. Ilyaetixunoim 27 1X 1960) 


[Ipu pemenuv 3aa4uv O MpeABbIMMCeHHM BeTPOBOrO BOJIHEHHA Ha MeJIKO 
BOJMbIX MOPAX H O3epaxX aBTOPOM Oba BLIABHHYTAa TumoTesa (*, *) oO IpUMeHH-¥ 
MOCTH B YCJIOBHAX MeJIKOBOLHOrO MOpA 3aKOHA HapacTaHHA JVIMHbI BETPOBOH| 
BOJIHbI, BbIBefeHHOoro B. B. IWlyneiKunpm (°) qua ycnosul TrryOoKoro Mops 
B Bue 


ri R =e b2on ean) © (1)i 


re 7 —nosyspicota BosHE; Ro = Ao/2x; Ao — HavalbHaA VIMHA BOVJIHbI; 
R = /2n; \ — TeKyuLad JwIMHa BOJHbI. ITa runoTesa Obl a BbINBUHYTA Ha OC- 
HOBaHHH BMOJHE YJOBJIETBOPUTeIbHOrO COPaCOBaHHA HaTYPHBIX MaHHbIX C 
TeopeTuyecKoli (popmysoli (1) (7). B Hactosme paOoTe MbI MonbiTaiucb 060c4 
HOBaTb ee HM TeopeTHuecKH. 

Jina 9TOoro MbI BOCTOb30Bamucb, Kak HB. B. Ilyneikun, Teopemoi o Mo 


Me€HTe KOJIHYUeCTBaA JIBHXKEHHA, KOTOP ytO MOXKHO 3allHCaTb B cbopme 
dQ /di = M, (2) 


rie Q— MOMeHT KOJIMYeCTBA JBMKeEHHA, OCPeAHEHHbIM 3a OMH NepHol; 


M — ocpeauennoe 3HaveHHe MOMeHTA BHELIHHX CH; dt — OecKOHeYHO MAJIbII 
IpOMeKYTOK BpeMeHH. | 

MoxkHO loKa3aTb, Kak HM B paOoTe (4), UTO MOMeHT BHEIIHAX CHI Ha MeJ- 
KOBOJIHOM MOpe paBeH 


Ma(We Val Oy (3) 


rie W,— MOWHOCTb, HarHeTaeMas B BOJIHY BeTpOM; Wy — MOLLHOCTb, TepsxeMas 
BOJIHOH BCJIeICTBHe BJMAHHA MeJIKOBOAbA (Wy, H Wy B3ATHI B pacueTe Ha 
eMHHILY MOBepXHOCTH Mops); © — yrIOBaA CKOPOCTb BOHOM YaCTHIbl, TBUKY 
WleHcs B Cy4¥ae MeIKOBObA MO IIWIHMTHYeCKOH OpOuTe. Oe KOMMOHEHTHI 


NOJIOKUTEIbHBIA MoMeHT W,/@, Co3qaBaeMbI CHOW BeTpa, H OTPHWaTebHbI 
—W),/@, co3qaBaeMbIh CHO TpeHHA O JHO,— paBHOMpaBHbl WH MOJHOCTbIO 


olpejeisioT BeanunHy M. B cBoto ovepenb W, —Wy = dE/ dt, rae E — nonnas 
SHEPrHsA BETPOBbIX BOJIH, MpHXOMAllaAcd Ha eMHHILy NOBepXHOCTH (3TO ypaB 
HeHve — ypaBHeHve OaulaHca 9HeprHv BOwH (1)). Orcioyqa BMecTo (3) MO*KHO 
3allHCaTb | 
aa Gils. | 

M =———. 

Cia G@ 

Ha ocHoBaHHM ypaBHeHuit (2) u (4) TeopeMa O MOMeHTe KOJIM4eCTBa JBHKE 
HHA JIA MeIKOrO MOps 3alMileTca B Bue | 


wo dQ/ dt = dE/ dt. (5) 


IloHaad SHeprust BOMH B pacueTe Ha CMHHLY MOBepXHOCTH MOpA Ha OCHO 
BaHuu paooT B. B. Ilynetixuna (*) w A. HW. Hexpacosa (°) 8 neppom npH6uM 
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HHH paBHa 


ee Sie if if H 
Ex pgr Q+—4 3z-cth +) , (6) 
‘Ye p — MJIOTHOCTb BOI; J — yCKopeHHe B Nove TaxKecTH; H — riyOuHa Mops. 
Tpoyudbhepenmuposas (6) mo BpeMeHH, MOTyaHM 
| oe dr 3 r H\ dr 


plea Man ay SM pepo ga 
Z PE Ra (1 ae =) dt + & P8 Rs ECHR) al 


Tenepb Haliem BeiManHy Q. Kak u3BeCTHO, TpaeKTOpHA BOAHBIX YaCTHIL 
3 UX BOJIHOBOM JIBHXKCHHH Ha MEJIKOBOAbe MpelcTaBsaeT coOorw aimunc. Ha 
duc. 1 cxemaTuyecKH M300paxKeHa 3/IMNTHYeCKad OpOHTa MpOH3BOJIbHON 
jacTuiibl S Ha HeKOTOpOH TuiyOuHe y. Hayao koopAuHaT 3eCb MOMeLLEHO B 
JeHTpe OpOHTbI MOBepXHOCTHOHM 4acTHLbI, 
Ib Y HaMpaBsieHa BHH3. PaccMoTpHM 4a- 
truny S c wWexdTpom opOuTet O Ha mpons- 
30JIbHOHK TayOuHe y U ca3s0BbIM YIvIOM 


or = 9. MomenT KowHueCTBa JBHXKeHHA 
ee MaJIOH Maccbl p dy, oOsajaio- 
| eli JIMH€HHOM CKOPOCTbIO VU, OTHOCHTEJIb- 


fo WeHTpa MomeHTOB O, paseu (cm. puc. 1) 
dQ = pv 0,8, dy. (8) 


_ O6o3HadHM MepeMeHHoe paccToAHHe 
waccbt S oT wWeHTpa opOuTsi O uepes J, 


yrom SoOoO0 uepes 61. M3 paccmotpenna 
guc. 1 merKO ycTaHOBHTb, 4TO TeyO 


“fomeHta OoSo paBHo OoSo = ycos@1 + 
+ /cos(§ — 61). SumuntuyHocTh § opOuT 
30HbIX 4aCTHIL OObIMHO HeBeHKa. Tak, 
mu H/M=0,3 otaugue Maso ocu 
wIuNCa OT OOMbIIOH CocTaBAeT BCeroO PEE st 
£,5% (°). Ilostomy 6e3 Gobo mo0- 
*pellIHOCTH MOxXHO CuHTAaTb, TO cos (0 — 01) = 1. Jlawe B cay4ae, Korja 
q/ = 0,1 (npu atom 3Hauenuu H/A BoMHbI HA MCAKOBOAbe CHJIbHO paspyuuia- 
oTces), mpuaumas cos (6 — 61) = 1, mp! fomycKaem ommOKy MakcumyM B 15% 
oT BemMuuHE J. Sta ommmO6Ka Oyyer ene MeHbIe (MpHMepHO BABOe), CCIM MBI 
ICpeHUM 3a NepHog BemMuMHY cos (6 — 61), H3MeHeEHHe KOTOPOH HOCHT MyuIb- 
‘aMOHHbIM ~XapakTep: 4eTHIPEKAbI 3a MepHol cos (0 — 01) MpHHuMaeT 3Ha- 
ieHue e(MHMILa (Ha OCHX ZMMNMCAa), a B MpOMexKyTKaxX Mex*KAy OCAMH — MH- 
qUMaIbHOe 3HAYeCHHe, HEMHOTHM OTMM4YHOe OT eMMHHIbI. B MasbHelIIeM MBI 
Ipopeylem ocpequenve no 8 uno 1. IlosTomy, He Jean OOJIbHIOH OMMOKH, 
WOXKHO Cpasy 3anucaTb, YTO OoSo ~ ycos 01 + J. SameTHM, 4YTO 31eCb 34MCHATS 
tos 01 Ha cos 8 Hemb34, HECMOTPA Ha HeOOVIbINy!O pasHully Me*K]Ly 01 u 9, u3-3a 
SHAYHTCMbHOM OMIMOKU, BOSHUKAaIOle Mp HeOO/bIIHX SHAYCHHAX KOCHHYCOB, 
Tlanee, 1uHeliHy10 CKOpocTb VU MOXKHO IIpeACTaBUTb B Bue v = wl. OTcioga 
3MecTo (8) OyeM MMeTb 


dQ = pal (y cos 9, + J) dy. (9) 


Beanuuny / Ha OCHOBAHHH MpescTaBueHH KaCcCHYeCKOH THAPOMe XaHHKH (") 
MOXKHO IlpeycTaBuTb B Bue 


| t= eV wt 4 sin? @. (10) 
¥ JAH, rt. 138, Ne 5 1084 


. 


Tlonectasum (10) B (9): 


' if tog See r aU | ates ; 
dQ= 90 ayR) VR sin? 0 (y60s0,+ sp arpm V sh +sin® 8) “| 
Gi t 


OT HY JO 21, NOYYHM HCKOMOe BbIPArKeHve JIA OCpeAHEHHOTO MOMCHTA KO# 


juyecTBa JIBYOKCHHA BOLHBIX Macc Ha MeKOBoybe Q = 1/2 pw Rr? cth (H/R) 
Miu, Tak Kak OR = Cope) 


OQ =e per? cth (H/R). (12 


Vis (12) catenyer npu H — oo (ray6oKkoe Mope), YTO Quo = Va pcr’, a 3TO 
yoKe H3BECTHOR BbIPAKeHHe JIA OCPpeHHCHHOrO MOMEHTA KOJIMYeCTBA TBHKeHM sy 


BOJMHbIX Macc Ha ry6oKOoM Mope (opmyua (179) us (*)). 
TIpogudpepenuupyem (12) no BpeMeHu M yMHOXKHM Ha @ = c/R, yUMTHIBax 


pH 9ToM, 4To c? = gR th (H/R) (°): 

dO. dr eon rH dR oft 
; “Gt PB! ap ep PB ae ate See arom oye (13 
Cpapunpas na ocHoBanun (5) npaBble uactu (7) u (13), Momy4HM Nocie MpocTEIxy 
peoOpasoBanui u coKpameHnua Ha 4/4 pgr’/R: 


4H|R r HY, mt (HT RAG a AT di 
[} + pearm te(! +3cth-z) 8m srarpay far = 3(1 +8cth eae 


@ 


V3 (14) npu H — oo (ray6OoKkoe Mope) Noulyyaem AuddepeniMasbHoe ypaB-# 
HeHHe, HHTerpadl KOTOpOrO Mp OMpeseMeHHbIX 3aaHHbIX HaWaJIbHbIX yCJO-§ 
BuAax (*) 3anMiueTca B cbopMe (1) 


dr / dt = "/s G/4 Ay R) dR ivdt (15) 


(cp. (15) ¢ dhopmyno (191) us (*)). Onpezenus sHauenve Beruunun H/R, no} 
KOTOPOH, CKaxKeM, B Hpesemtax OWMOKH 5% MOKHO NOb30BaTbCA yYPaBHeHHeM 
(15) BMecto 6ovlee cloxkHOrO ypaBHeHua (14), Mbl TeM CaMbIM OMpeeIuMy 
IIpelesbl IpHMeHuMocTH (popMysibt (1) B ycuIOBHAX MeJIKOBOAHOrO Mops. Oxka3bi- 
BaeTcs, ato moka H/R>2,3 unu H/A>0,37 MoxHO B Mpefenax oumMOKH 5% Ff 
UCIOIb30BaTb JIA pacueTOB A 0 JaHHbIM h = 2r ypaBueune (15) BMectTo (14), 
HJIM, UTO'TO 2%Ke, MOJIb30BaTbCaA 3aKOHOM (1). Hanpumep, npu H =3 M 3akox (1) 
OyeT BHITOMHATLCA B Tpesedtax omm6ku 5%, NoKa JIMHa BOJIHbI He CTaHeThE 
paBHoli IpuMepHo 8 mM, npu H = 4 mM — cootBeTcTBeHHOA ~ 11 M. A 9TH 3Ha- 
yYeHHsA A Kak pa3 M JOCTHraIMCb Ip CKopocTAX BeTpa v = 10 M/cexk Ha pacctTos- § 
HHUAX TopaAKa 30 KM oT HaBeTpeHHOrO Oepera mph H ~ 3,5 M Bo BpeMaA WITOp- F 
MOB Ha bestom osepe (?). [pyrumu cioBaMh, Halla PHmoTe3a, BO BCAKOM CJly4ae 
B lipelediaxX STHX pa3MepoB BOJIH, MOATBepHKAaeTCA KaK IKCIHePHMeHTAaJIbHO, 
Tak HM TeopeTHyecKH. . 

Oxkaspipaetes, HB catyyae H/A << 0,37, mpaBga, c ommOKou MopsnKa 10%, 
MOXKHO MOJIb3OBaTbCA JIA pacdeToB A Ha MOpe KOHEYHOH rtyOuHbI PopMy.on (1) 
BIWIOTh JO NOCTHAKEHUA TpeebHO OOJbIIMX BOSMOMKHbIX Ha JAHHOH Ty6nHe | 
Ppa3sMepoOB BeTPOBbIX BOH. JLoKa3aTebCTBO NoceHerO BbIBOJa OCHOBbIBAeTCA | 
Ha CpaBHeHHW KpuBoH A (A) Aa raryOoKoro Mops (KpuBan H,,Ha pc. 2), Mo- | 
CTpOeHHOH Mo (opMyvie (1) pw HatabHOM ycoBHH Ao ~ | M, ho ~ 0,143 m (4), | 
C KPHBbIMH, IHOCTPOCHHbIMM Ha OCHOBAHHH AuddepeHiHalbHOrO ypaBHeHHE | 
(14) mo Merogy «noua HanpaBleHHit» (7), qua riyOun 3; 4; 6u 10 MnpH HavanbHOM 
yenoBun: H/A ~ 0,37 (puc. 2). Hanpumep, upu fh = 1,5 m no dopmyae (1) 
MMeeM A. ~ 29,5 M, a to KpuBot H = 3 mM umMeem Aq =~ 26,5 M. IIpu 9ToM 
OlmMOKa ONpeqeteHusa Ay OyqeT MaKCHMaNbHOH, NopsyKa 10%. Tipu Menbmnx A 
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wiMOKa OyjeT, eCTeCTBeEHHO, MeHDbIIe, IIpH¥eM, eCJIM MOb3OBaTbCA KpHBOH HH,, 
(41m cbopmysoli (1)) Qa BLNCIeHHA JIMHbI BOAHDI Ha M@JIKOBOJIHOM Mope, To 
mHOKa OyeT B CTOPOHY 3aBbIeHUA BeMYMHI Aj. MoxkHO OyeT MOIb30- 
BaTLCsi cbopmy1oi (1) npu H/A < 0,37 B mpenenax oum6Ku 5%, ecu BHOCUTR 
noupaBky, paBHyio—0,05A.., rer. — 
WWIMHa BOJHEI, BbuNCIeHHad m0 (1) 
WIM HaliqeHHas 10 KpuBoli H., puc 2. 
TloscHuM 970 Ha YHCOBOM TIpHMepe. 

Nyctb na ray6une H = 3 m uamepe- 
Ha BbICOTA BOJIHbI, paBHaa h =1,5™M. Io 
popmyue (1) umn KpuBol H., Haxoqum 
COOTBETCTBYIOILYIO JWIMHY BOJHbI, paB- 
HYIO Aq = 29,5 m. C TouHocTho 10 5% 
BbINHCJIA€MOH BeJIHYHHbI MOXKHO CHUH- 
PaTb, 4TO UCTHHHAA JWIMHa BOVJIHbI 
By = 295m —0,05 AoM = 28 
B jleHCTBUTebHOCTH Ha OCHOBaHUH 
<pupoh H—3 M ona paBHa Aye 
26,5 M). 

_ Moxuo noKasatb, uto npn H/A> 
70,5 ypapHenua (14) u (15) nourn 
IOMHOCTbIO coBNaflaioT. Takum o6pa- 
OM, JWIA BbIYHCJICHHA JWIMHbI BOJIHbI 110 
{aHHOl ee BbICOTe A MOXKHO B Mpeemax 
pIHOKH 0,05 A. MoJIb30BaTBcA (bopmy- 
fou (1), Korga- H/i > 0,37, a IIpH 
4/X < 0,37 ¢ Toi xe ToUHOCTHIO, ecaH 
SHOCHTb MONMpaBKy B BURe —O0,05 Ag. 
}HaAK MMHYC Mp 9TOH MOMpaBKe roBo- 
MMT O TOM, YTO AWIMHa BOJIHbI Ha MeJIKO- 
(OJHOM MOpe He MOxeT ObITb OobUIe 
(WIMHbI €e Ha PTyOOKOM Mope IIpH OAHOII 
(TO 2Ke BLICOTe BOJIHbI: BOJIHbI MeJIKO- 
\OJbA HECKOJbKO Kpyye BOH r1y6o- 
‘toro Mops. 

_ Han6oupiiaa Bo3sMoxHan Ha Mope 
wyOunbl H BbIcoTa BOH oMmpejemser Paci 2 
OOTBETCTBYIOULYIO TpeeIbHy!O JWIMHY 

ouHbI. Tlostomy KpuBbie A (A, H) Ha puc. 2 o6ppiBaioTcs B onpeneneHHDIX 
OUKAaX, COOTBETCTBYIOIIMX  aOciHcce h = H/2 (no JaHHbIM HabsOZeHHi MpH 


myOune H ~ 2h MpoucxoqHT MHTeHCHBHOe paspylleHHe BeTPOBbIX BOTH 
Of JeHCTBHeEM MeJIKOBOIbS). 


[loctynuao 
24 IX 1960 
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Jloxnxagp AkagweMuu Hayk GCGP 
1961. Tom 138, Ne 5 


KPHCT AJIJIOTPAPH A 


JI. M. COM®EP u B. HW. CTAPLLEB 


JIBYKEHHE JMCOKALMA B KPHCTAJJIAX CYPbMbI 


(IIpedcmasaeno akademuxom [. B. Kypdtomoeoim 7 III 1961) 
; _ 


1. B nacTosujee BpeMA Pa3BHTbI H C YCIe€XOM IIPHMeHAIOTCA JBa OCHOBHBI 
MeTOa H3YYCHHA JBUXKEHUA LMCIOKALMA B KpHCTaaXx: 3JIEKTPOHHOMHKPOCKO 
mHYecKHH WH MeTOL H3OupaTesbHOrO TpaBseHHA. II]pH 2/IeKTPOHHOMUKpOCKONM 
YeCKOM HCCeOBaHHH H3y4alOTCA MpoLecchl, MpOMCXOAAUIHe B TOHKHX CJIOA 
MeTaJla, HM MepeHeCTH pe3yJIbTAaTbI 9THX MCCeOBAaHHH HeNMoOcpeACTBeHHO H 
MaCCHBHbIe OOpasilbl He BCerla IIpeMCTaBJIAeTCA BO3MOMKHBIM. C ApyroH cTopo 
Hbl, IPHMeHeHHe MeTOa H3OuMPaTeMbHOrO TpaBsJIEHHA Ha MACCHBHBIX OOpasila 
HOKa 4TO He IIpHBeJIO K MOJYYeHHIO pe3yJIbTATOB, OAHOSHAYHO MOKAa3bIBaIOLIM 
ABYKeHHe JMCOKallMi B MeTaaXx, KaK JIA MOHHbIX KpucTas0B (1,7). O6nac 
HeEHHeM STOFO MOTO ObITh MpeNOJORKeHHE, BbICKA3AaHHOe HEKOTOPbIMH aBTOPaM 
(*,4), WTO MOABJIeHHe AMOK Ha JMCOKaWMAX Ip XAMMYECKOM TPaBJICHHH MOBepx 
HOCTH MeTaJIJIOB, B OTJIMYHE OT TpaBJICHHA HOHHbIX KPHCTAaJIOB, OOA3aHO eKO 
PHPOBaHHO JUCMOKAWHH MpHMecCAMM, a He OCNaONeHHIO CHJI CBASH Mey aTO 
MaMH B J\MCJIOMMpOBaHHOH OOacTH. 

Msyuenne nyiacTu4ecKux CBOHCTB MOHOKPHCTAaJIJIOB CYpbMbI, HMeloleH O4eH 
BbICOKYIO YHCTOTY, MpOBeseHHOe HeaBHO aBTOpaMH HacTosmen padot (°*)¥ 
MOKa3aJi0, YTO JePOPpMHPOBaHVe MOHOKPHCTAJVJIOB, BbIPaLeHHbIX H3 OYeHb UHC? 
TOH CYPbMbI M HME€BLIMX MaJIYIO IIJIOTHOCTh AUCNIOKalMH, MpHBesO K OOpasoBa 
HHIO AMCIOKAaWM, MJIOTHOCTh KOTOPbIX IpakTHYeCKH Oblia TaKOH Ke, Kak 
AePOPMMPOBaHHEIX MOHOKPHCTaJJIOB, MpHTOTOBJICHHEIX H3 IJIOXO OUHIeEHHO 
CYPbMBI. OTO NOSBOMAeET CUHTATb, YTO JMCMOKALMM B MeTaaX MOryT ObITb BBE 
ABJICHBI axKe IPH OTCYTCTBHH J@KOPHpOBaHUA, UW faeT HaleKTy OOHapyKUT 
ABIOKeHHE JMCOKalMH TakxKe HM B MeTAaJIIMYeCKMX KPHCTawax. 

Hi3yyaTb JBMKeHHe JMCOKaWMH MeTOJOM u3O6upaTeMbHOrO TpaBJeHHA MO 
2KHO 160 B iponecce TpaBseHHA OOpasia nox HarpysKoli (1,2), m“60 mpu moO 
BTOPHOM TPaBJICHHH IIpelBapHTeJIbHO MpOTpaBseHHOrO HU 3aTeM JePOpMHpOBaH: 
Horo Kpuctaa (°). [IpH stom HaGsoaroTCA Ba THMa AMOK TpaBJIeHUA: OCTPO 
KOHEYHbIC, OTBEUAIOMIHe MeCTaM, B KOTOPbIX HaXOJMJIMCb JMCIOKallMH B MOMeH 
TPaBJIeHHA, HW MJIOCKOJOHHbIe, COOTBETCTBYIOULHe Me€CTaM, B KOTOPbIX paHe 
HAaXOAMJIMCh JMCIOKAWHH WM W3 KOTOPbIX OHH MepeMecTHJIHCh NOL JevcTBHe 
MeXadHM4YeCKNX YCHJIMH HWJIM WHbIX MpHYHH. OTHM MeTOJOM, HeECMOTpA Ha er 
CPpaBHUTeJIbHYIO MPOCTOTY, yaeTCA HaOMOMATb TOHKHE eTaM Mpowecca TBH- 
KEHNA UCIOKAaIMH B KpuCcTamax. 

B Hactosiel paOote Oba MpuMeHeHa MeTOAUKa UZOUpaTeMbHOrO TpaBse 
HUA JWIA USYYeHHA JBYKeCHHA JMCIOKAaUM B MOHOKpHCTasax cypbMbI. Meto 
AMKa TpaBJeHHA JIA STHX KPHCTaMOB Oblia onMcaHa B pa6ore (7). IIpegzBa 
PHTCIBHO MpPOTpaBJIeHHbIM KPHCTasI KpenwJICH B CTeCKJIAHHOM KIOBeTe TAK 
uTOObI M@*KY HCCJIe€LYEMOH MOBEPXHOCTbIO H JHOM KIOBeTHI OCTaBaJICA HeOOJIb 
MIOH 3a30p, Kyla MOr NocTyNaTb TpaBAIM pacTBop. Jia mepemeniMBaHH 
PacTBOpa B Ipollecce TpaBJeHHA HCHOIb3OBaacb Mewlaska. K KpucTaswy Ipe 
Jlaranach Harpy3ka, JOCTaTOUHAaA JIA BYXKeHUA WucCOKaMH. Kiopeta TOME 


Walach Ha NpewMeTHBIN CTOMMK mMukpockona MMM-7, uTo .aBano BO3MOXHOCT 
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‘| K cmamee JI. M. Cotiq@epa u B. H. Cmapuyesa, cmp. 1084 


- ApwxKenHe QuCIOKaUHH B Puc. 2. J[icnoKalMoHHble >MeTAM, paclIMpsAIoUlMecA «OT BOHHHKOBBI 
wax  cyppmbl, 450 x. mpocsoek, 600 x ; 
Bcraska 600 x 


K cmamee A. I. Tepexmoesa, H. [. Movaauxoti u E. T. Pyxadse, cmp. 1150 


Puc. 2. PentrenorpamMa mojHamMHya 


/ nan, T. 188, Ne 5 


{eMpepbIBHO HaGwHOLaTh M coTorpapupoBaTbh Mpowecc ABHXKeHUA OTe/bHbIX 
aucnoKalun. eas 
2. PesyibTaT JBWOKeHNA MCOKalMii MOAKHO BUZeTD Ha puc. 1. Bompuime 
TPeYFOJIbHble AMKU, OTBEUAIONIMe HayabHOMY NOJOXKeHHIO AMCOKALi, ObIB+ 
WIMe PaHee OCTPOKOHeUHIMH, Telepb CTAJM MIOCKOLOHHDIMH. OT KarKon Ta- 
KOH AMKM WeT MpepbIBHCTHIH CyKalonMics Cue, COCTOALLMH M3 IJIOCKOMOHHBIX 
Bor (cm. BcTaBKy puc. 1). Kancmblii KOHeIL Clea XapakTepH3yeTCA HaJIMuHeM 
OCTPOKOHEYHOM AMKH, KOTOpad jaeT MOVIO- 

>KeHHe JIMHHH JHCOKawHH B KOHIe JBHKe- 
AMA. STM CHEMI MpescTaBAI0T Cobo Tpaek- 
‘Topun JIBYOKCHHA OTIEJIbHBIX JLUCOKALMH B 
“ipouecce TpaBJeHHA HM COBMaaiwoT C Ha- 
TipaBnennamu <110>. 

___ _Kpucrasnorpacuueck oe paccmoTpeHne m0- 
“Ka3bIBaeT, UTO B CYPbMe MMeIOTCH TPH BO3- 
“MOXKHBIX CHCTEMBI CKOJIbxKCHHA, KOTOPbie Xa- 


‘paktepusyiotes Tpema muocKoctamu {111}, 
“BEIXOLAIMMH Ha MJIOCKOCTh HaOJIOJeHHsI 
(iil) B BUle TpeX HaMmpaBJIeHH CKOJIb»xKe- 


nua <110>5. Bee 3TH CHCTeMbI peaJMsyloTCs 
‘pu jlecbopMallHu CYPbMBI, KaK MOKa3aHO pa- 
ee (7). B WaHHbIx OnbITaxX HaOMOMaNOCh ABH- 
oKeHHe JMCOKalui M0 BCeM TpeM yKa3aH- Puc. 3. a — B3anmojelicrBHe pasHo- 
HBIM HamlpaBsieHuAM CKOJIbxKeHHMA. Takum ees aucnoxaunit, 600%; 6 — 
o6pasoM, HasiMuve B CYPbMe CKOJIbxKeCHHA C ately Rie ean ahah | abu ae 
“TIPMBeCHHBIMH BBIIe 9JIEMeHTAMH CKOJIb2Ke- 

HMA MOMHO CUHTATb YCTAHOBJICHHBIM. 

; VismepeHux MOKa3bIBalOT, UTO CpeHAA BEJIMUMHA CKAdKA, T. e. PaccTOAHHE, 
“KOTOPOe TIPOXOANT JIMHUA AMCIOKAIMA MexKAY TBYMA OCTAHOBKAaMH, COCTAaBAA- 
et 0,2—10 uw (HmxKHU Mpesen orpaHMunBaeTca paspelieHHeM MHKpOcKOTIa), 


| 
/ 


5. 


Puc. 4. a@— pa3smMuoxwenve ucoKauni, 600; 6 — [BH>KeHHE 
: MaJIOYrOJIbHOH TpaHHubl B Mpowecce oMKHTA 450 
r 


CkopocTH J{BYXKeHHA, HaOOaBUIneCA HaMH, JiemaKaH B Mpeesax Neal gee 
3-10-° cm/cex. C yBennueHveM MpvoxKeHHOrO HalpxAxKeHNA CKOPOCTH JBH- 
“>KeHuA BO3pactaH. B HacToslee BpeMA HAMM MpOBOAATCH OMbITbI 10 Ompenese- 
“HWIO KOJIMYECTBEHHBIX XAPaKTePHCTHK JBMXKeHUA AMCMOKANMH B CYpbMe. 
3. 8B pa6orax (°,°) Obim0 nNoKa3aHO, 4YTO rpaHulla WBOHHAK — MaTepHHCKHA 
KPHCTAaJIJI HMeeT JMCOKAILMOHHYy!O TIpHposy, a pesyvibTaTb! padot ("°,") roBo- 
‘AT O TOM, YTO Ha 3TOH rpaHUle JOKAJIM3OBaHbI BHYTpeHHHe HalipAxKeHHA. 
Kak moKka3biBaeT OMIT, BeJIMUMHa 9THX HalpAKeHHH MocTaTOUHAa VIA Toro, 
TOObI JHCNOKALMH NepeMeulaIMCbh OT rpaHHIlbl ABOHHUKOBOH MpocouKu. Ha 
puc. 2 mpezcTaBiena THNMUHAA KapTHHa JBHXKeHMA WMCOKAILM, WYULAX OT 
“qBoiiHHKoBbIX rpaHnu. J[Be WIMpoKHe TeMHBIe MOMOCbI MpescTaBAloT Cobol 
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ABOMHUKOBbIC MpocoHKH. Ci2Ba OT KaxOrO ABOMHUKA BUHA MpOTpaBuBIaA- 
cA Mosoca, B KOTOPOH 12:kaT JMCMOKALMY, BbIXOAAMMe MOM HeOOIbUIHM YIJIOM 
kK HOBepXHOcTH HaGmMoZeHuA. OT paul ABOHHUKA PacCXOAATCA TMCOKAMMOHHbIe 
NeTMH, PaClIMpAIOU[HeCA B CBOMX INWIOCKOCTAX CKOJbKEHHA. 

Cunenyet 3aMeTHTb, YTO pacuIMpeHHe NeTeb OT PpaHHb! ABOlHAKa HaOsIO- 
flaetca u Oe3 NIpHMOKeHHA K OOPasily BHELMIHNX HalpsAxKeHuH. Ilo-BuquMomy, 
JIBYKeHMe JUCIOKallMii BbISBaHO HallpA%KCHHAMUM, HMeIONIMMHCH B aKKOMOJa- 
UMOHHOM OOslacTH BOJM3H rpaHHbl JBOHHMKa. 

Kak rpaBpyuio, IHpokad JBOHHUKOBaA Mmpociolka (TommHHOK ~ 30 yp) 
HMeeT MAJIYIO JIMHelHYy!O MIOTHOCTb MeTeJIb ~ 5-10' cm”, B TO BpeMA Kak y3- 
Kad JBOMHHKOBaA mpocnok#Ka (3—5 w) uMeeT TMOTHOCTh ~ 3-10? cm? 
(oOuat MIOTHOCTH AucOKalHH y HeesopMupoBaHHoro OOpasya cocTaBsAA | 
10? cm ?). STH aHHble MOSBOJIAIOT, T1O-BHJMMOMY, CeaTb 3aKJIOUeHHe, YTO y3- | 
Kaa JBOHHMKOBaA MpocmonKa HalpsxKeHa CHJIbHee, 4eM . WIMpoKas. 


IlpumeHeHHad MeTOAMKa MO3BO/IAeT HaOsHOLaTb BSAMMOJeHCTBHE LHCIOKAHH. | 
Puc. 3a aeT IpHMep, KOTOPHIt MoxwKeT ObITh HHTEPIpeTHPOBaH Kak B3aMMOseH- 
CTBHe PaSHOHMMeHHbIX JHcOKaNMH. JLMcOKalMu, ABUraroujHecA B OJHOM MJIO- 
CKOCTH CKOJIbxKCHHA HaBcTpeyy Apyr K Apyry, pH BcTpeye yHHYTOMAIOTCA. 

HeoOxoMMO OTMETHTb, 4TO HE BCerga HadwoOaeTCA JBHXKeHHe THCIOKalN 
TOUHO B KPHCTasMorpadHyecKUX HalpaBJIeHHAX CKOJIbaKeHUA. UacTo TpaeKTO- 
PHU JBYXKeHMA ObIBaIOT KPMBOJIHHeHHBIMH. []o-BHyMMOMy, 9TO MOXKHO OOBSAC- 


HHTb CulelyiouluM oOpasom. Tak Kak TpM HallpaBJeHHA CKO KEHNA <110> Ha | 
fockocTH HaOmogzeHua (111) B cyppMe cocTaBusIoT Apyr c Apyrom yrou 60°, 
TO IPH IpHOKeHHM KacaTebHOTO HanpsKeHUA B MocKocTH (111) B mpous- 
BOJIbHOM HalipaBJIeHHH BCerla Oy YT HMeTbCA COCTAaBJIAIONIMe TO BCeM TpeM Ha- § 
ipaBJIeEHHAM CKOJbKeHUA. Ec axe KacaTeJIbHOe HallpsxKeHHeE HOPMAaJIbHO K 


OJHOMY M3 HampaBseHnit <110>, To Bcerga B ABYX APyruxX HanpaBsJeHuAX ero 
CocTaBJIAIOllHe He paBHbI HysO. TakHM oOpasoM, eCJIM AHCIOKaWWA Mp CBOeM | 
NBHXKCHHH B OHO MJIOCKOCTH CKOJIbIKCHHA BCTPETHMACh C MpenATCTBHeEM HU Be- 
JMUMHA HallpsxKeHHA He JOCTATOUHA, UTOOI MpeoOAONeTh erO, OHA MOMKET Nepelt~ | 
TH B J[pyrylO MJIOCKOCTb HM JBHTaTbcA B HOBOM HanpaBweHuH. B pesybTaTe JBH-- 
*wKeHHe OyseT 3MrsarooOpasHbIM C OTPe3KaMH, WapaJVJIeIbHbIMM HampaBseHuaM 


¢110>. II[pumep Takoro 7BMxKeHHA JUCIOKalMu BUeH Ha puc. 3 6 B MectTe, OT- 
MeYeHHOM CTpeJIKOH. OueHb 4acCTO H3MeHeHHe HalpaBJICHHA JBUXKeHMA JMC- | 
AOKAlMH OCYILECTBIACTCA Ha paCCTOAHHAX MCHbUIMX, EM TakHe, KOTOPbIe MO- 
ryT ObITb paspellieHbl B MUKpocKone. B pesymbTaTe NoNyyaeTCcA TpaeKTOpHA 
ABUXKCHHA TIpOH3BOJIbHOH (opMpt. 


4. CorjlacHo mpeycTaBsleHHAM, BHepBble pasBuTbIm Kottpesom (17), qucao- } 
KallM B KPHCTalaX OKPyXKeHbI OOMAKOM IPpHMeCHBIX ATOMOB. STH OOsaKa Gu0- | 
KHPylOT QUCOKaWMH, OnaroqapA YeMy YMeHbINaeTCH HX MOMBYXKHOCTb. OJ- 
HaKO, CCJIM B8ATb CBE*KEBbIPaeCHHbI KPHCTAJIJI, JUCIOKAaHH B KOTOPOM elle He 
ycneim 3a60kupoBaTEca O6akom Kottpesa, TO pH TpaBseHHH MO, Ha- 
rpy3koH HaOwOLaeTCA MHTEHCHBHOe pasMHOMKeHHe ANCTOKaNMH. Ha puc. 4a 
NpHBeleH THIMYHBIM CJly¥aH Pa3MHORKeHHA TUCMOKaLHH. XOPOUIO BUAHbI Tp 
MTapbl NeTeIb, BUKYULMXCA OT OCHOBHOM AMKM TpaBJIeHHA MO TpeM HalpaBuie- 
HHAM CKOJIbKeHHA. Takoe pasMHOxKeHHe JMCIOKalMl He HaOMOMaeTCA, ECM TO 
TPaBJICHHA KPHCTAJWI MpelBapHTeIbHO OTKeYb B TeEYeEHHE KOPOTKOFO BpeMeHH 
lipH Temnepatype 300—400° nam ecJIM OH MOeKUT HECKOJIbKO MECALLEB IPH KOM- 
HaTHOH Temmepatype. IIpu STOM TakxKe pesko MajlaeT MOABUXKHOCTH AMCIOKALMH. 
OTOT OMIT, KAK HaM NpescTaBAAeTCA, NOKasbiBaeT BMAHMe aTMochep Kortpea- | 
la Ha NOLBYXKHOCTh JuciOKauMH. MuTepecHo, ¥To omMCaHHoe BBILIe «cTapeHHe» 
KPHCTaJJIOB YBeJIMYMBaeT HHTCHCHBHOCTb TpaBJIeEHHA Ha JMCMOKALMU, 4TO TaK- 
KE ABIACTCA CBUJeTebCTBOM OOpasoBaHHA OGakoB Kotrpemna. 

9. J[pmkKeHve JMCIOKaLMH B MOHOKpHCTaWIaX CypbMbI MOxKHO MposeMoHcT- 
PHPOBaTb ele OJHUM OMbITOM. Kak XOpOIO M3BeCTHO, axKe TULaTeIbHO BbIpa- 
UCHHbi¢ MOHOKPHCTaJWIbl HMeIOT MO3SaHYHYIO CTpyKTypy. Yrabl esopHeuta- 
UHH MexK]Ly COCeqHUMU OOKAMH HEBEHKH M paBHbI JleCATKaM CeKYH WIM He-— 
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KOJIbKMM MHHYTaM. [panuubl Mexzy OOKaMH (MasOyroJIbHble rpaHubl) mpes- 
TABIAIOT COGOH MecTa cocpesoTOUeHHA ucMOKaWHH. []noTHOcTh AMCIOKAalMi 
Ha rpaHulle NpAMBIM OOpa3soM CBA3aHa C BEJMYMHOM yrvia MOBOpOTa OfHOrO OuIo- 
Ka OTHOCHTeJIbHO Apyroro. Ecum KpucTas C TaAKHMM rpaHHaMu NOsBeprHyTb 
OMKUTY, TO MPOHCXOLUT MepeMemleHHe TpaHHI H OTAeIbHBIX WucNoKauMi. Ha 
puc. 46 mpejctapien TakoH ciy4aH. Kpuctaia TpaBnsicd Jo oTKUTAa, 3aTeM 
OMkurasica mpu Temmepatype 460°C B TeueHne 3 uac. H cHoBa TpaBusica. Ha 
dbotorpapun xopowlo BHAA JHCOKAalMOHHAaA MpHposa rpaHull HM CMeleHHe UX 
B pesyibTaTe oTKUra. I]nocKOJOHHbIe AMKHM MpecTaBsAIoT coOOM NoMOKeHHA 
AucCNOKalu Ha rpaHule WO OTKUTA, a OCTPOKOHEYHbIe AMKH — ToCcse OTKUTA. 
_ B 3aksoueHve CuHTaeM CBOHM MpHATHBIM JOJIFOM BbIPasHTb OaroqapHOCTh 
®. ®. Jlappentnesy u B. 3. Benrycy 3a WeHHble JMCKyCCHH. 


@Mu3uKO-TEXHHYECKHH HHCTHTYT HH3KUX TemMlepatyp TloctynH0 
Axkajemuu HayK YCCP 4 III 1961 
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Wornrane Akagemuun nayr CCCP 
1961. Tom 138, Ne 5 


XHMHA 


O. K. BOFHAHOBA, akayemuk A. A. BAJIAHAHH u H. Tl. BEJIOMECTHbIX 


BJIAAHWE CTPOEHHA AJIKHJIAPOMATHUECKHX YIJIEBOJOPOJIOB 
| HA KHHETHKY HX AEPHAPOTEHH3SALHH 


B mpesbiqyuyux padorax (',”) Hamu Gpl0 MOKa3aHO, 4TO H380MpoNMGeH3OU 
C pa3BeTBJICHHbIM payMKaJIOM Jleruypupyetcs c Coble CKOPOCTBIO, 4eM 3THUI- 
—OeH30J1 Cc MpAMoM wenouKon. IIpeyctaBnano HHTepec UCCJIeOBaTb BJIMAHHE 
 BBEJCHUA B OCH30JIbHOe KOJIbILO BTOPOrO pasuKasa Ha CKOPOCTh erusApUpoBaHuA 
\9THJIbHOTO pasuKana. C sTOH WembIO Oba uccleqOBaHa KHHeTHKA Jeruspore- 
HH3allHH STHJITON YONA. ONBITHI MPOBOAHJIHCb 10 IpOTOYHOMY MeTOAy B mpHOope, 
_omucaHHom pauee (‘), Ha ToH »%e 3arpy3Ke KaTaM3aTopa (10 mu). Cxkopoctb 


06 
02\- 
{ 04 i 
Ss =0 
f.02 > 
TE is 
ts m8 120, I. 124 
TI — Tries 2 
Puc. 1. SapucuMmoctp Ig ze oT Puce. 2. Jlorapudmuyeckas 3a- 
oOpaTHoH TemmepaTypbt BHCHMOCTb MexK]y KOHCTaHTOH 
ckopoctu peakiHH Hu 1/T 


/peakilHH ONpeyeAH MO KONMYeCTBY OOpas0BaBulerocaA BHHHMITONyOa. Mex- 
AY KONMYeCTBAMH OOpasz0BaBIerocA BUHHVJITOJYONA VW BbIJeHBUIerocaA BOOposa 
HaOmuofanocb Onu3Koe cooTBeTcTBHe. MeToszuKa IpoBeseHHA OMBbITOB Obla Ta- 
Kaw Ke, Kak pauee ('), cTeneHb pa3OaBJIeHHA apaMU BOLI BAPbUPOBaaCb OT 
1: 16 go 1: 32 mow. u BO BCeX OMbITax JepxKaacb NMOcTOAHHOH. CoxepxxanHHe 
BHHUJITOYOa B KATAHM3aTAaXx OMpetemAH OpOMOMeTpHyeCKHM MeTOOM 110 Tanb- 
nepHy (*). Katanu3atT, Kpome Toro, aHasIM3HpOBaJIH Me€TOJOM 1a30-2%KHKOCTHOH 
xpomatorpadun. B kayecTBe »xXHAKOH (asbl NPHMeHAJIM CMeCb JHHOHMVI-AMJe- 
‘WuiceOalnHaTos, HaHeCeHHYIO Ha JMaTOMUTOBHIt KUpMuy B KOHYecTBe 18% u 
cogepKamyio 2% HeosoHa-JI. KoutTakTHbld a3 aHasIM3HpoBaJIcA Kak paHee. 
TIlytem usmMepenua ckopoctei erHaporeHH3aluu OWHAapHbIX CMeCcel STHJITOUY- 
‘OJl — BHHHJTONYON OMpeseHMIH OTHOCHTeIbHbIe aCopOuHOHHble KosddPHH- 
CHTbI MpoOfykTa peakuMH — BuHMITONyONa. McxoyHbi 9sTH/ITOMyON MMe 
culelyiouywe KOHCTAaHTHI: T. Kun. 159—161°, d?° 0,8660, nz 1,4970; mutepatyp- 
Hble aHHbie: T. Ku. 161,5°, di? 0,8657, no 1,4967. 

Bunustonyon: T. Kun. 169,5°, d?° 0,8758, n791,5406; «auTepaTypHbie jaH- 

Hpie (*): T. Kum. 169,0°, d*® 0,8760, nz} 1,5403. 
|} Herunxporenusanua 9THATONYOMA, OmbiTsl C 9THATO- 

YOJIOM MpoBoxuIH B OOacTH Temnepatyp 524—560°, cKopocTH MponyckaHHa 

1000 mai/a -uac (0,5 Ma B 3 MHH.) C pa36aBsIeHHeM BOJAHBIM MapOM B OTHOLIEHHH 

1:16“ 1: 32 mou. Onpith npoBogunch BAaIH OT paBHOBeCHA, KaK 9TO BULHO 


L089 


Jleruyporenu3ayua gTusToOsyoua * 


T 2© 30 wae 


AvasH3 rasa, 06. % 
psy) 9) Se eemTOnyon| i (nt) 
oC Si o, 3a 3 MHH., % no He) 0% CO, CrHon H, C)Ho, 42 
PasO6aBnmeHuve BOAAHEIM nMapom 1:16 mou. 
524 13,4 We) 16,0 S50 Oo Ae) ORS 
537 19,4 16,6 20,7 8,4 One 91,4 0,6 
545 DD 1198S 24,0 8,4 On 90,2 0,6 
550 Dia DS BS 8,3 0,4 SO 0,8 
a) | 30,0 205 th B40) 8,4 0,4 89,8 0,8 
550 4] BIO) 25,0 31,8 8,4 0,3. 90,5 0,8 
Pas6aBmeHHe BORAHBIM Napom 1:32 mou. 
22). A) 1355 lh ek a 13,4 Bro 0,2 91,0 0,5 
549 Doe Zoe 28 , 0 8,0 0,0 91,0 0,6 
504 Pfr) 24,7 30,8 8,4 Oh 91,0 0,6 
560 By) 32,0 el 8,6 0,2 90,9 0,6 


* Cxopoctb nponyckaHua 1000 Ma/a-4ac 


IPH CpaBHeHHH TOJYYeHHEIX JaHHbIX C PaCueTHbIMH JaHHbIMH TepMOJMHaMH- 
yeCKOFO PaBHOBECHA STOH PeaKUMU, IPHBeAeHHEIMH B CTaTbe BonapeHKo HU Jp. | 
(°). B uccneqoBaHHbIX yCJIOBHAX, HapsaAy C BHHHJITOYyOOM, B KayecTBe NO- § 
OOUHBIX TIpOLYKTOB OOpasy- 

}OTCH HeOOJIbIUIHe KOJIMUeCT- 

Ba TOJyONa HW KCHIOUa, YTO 

ObIIO OOHapy2xxeHO xXpoma- ij 

3 TorpapHyecKHM aHaJIH30M. ff 
AvaIM3 KOHTAKTHOTO 1ra3a, 
cofepxkamero HeOospuie § 
KOJIM¥eCTBA Ose HHOBBIX 
(0,2—0,4%) wu mpesembHBIXx 
(0,5—0,9%) yraeBoqopojoB, 
TaKKe CBHJeTeIbCTBYeT O| 
HeOOJIbILIOM OOpas0BaHHH M0- | 
OOUHBIX IIpOLYKTOB pa3Jio- | 
YKeHHA. 
IlonyyeHuble jaHHble 110 | 
JeTHApOreHH3alun ITHVJITO- 
Jiyoma B MHTepBayie Temme- 
patyp 524—560° npuBeyeHxbi 
B Ta6a. 1. Jina Haxoxye- 
HHA OTHOCHTeJIbHBIX acopo- | 
IHOHHBIX  KOdPPHIMeHTOB 
BUHMJITONYOa ObWIH H3MepeHbI CKOPOCTH JervsporeHusalnH cMmecel 9STHI- 
TOJYOJI — BUHHJITONyON, comepxKantwe 21 mon. % BuHMATOMyONA. OnbiTpl 
cO CMeCHMH MpOBO,HIM B TOM %e MUHTepBale Temmepatyp (530—_ 
560°), uTO C STHUITOJTYOIOM, C TOH %Ke CKOPOCTHIO MpomycKanusA MC pas- | 
OaBleHMeM NapamMH Bogbt. UnceHHble 3HaYeHHA OTHOCHTeIbHBIX acopOuu- 
OHHBIX KOS@PUUMEHTOB, BbIUHCJIeHHBIe 10 dbopmysie (°), mpHBe_eHbI B Tabu. 2, 
M3 KOTOPOH BUAHO, YTO C NMOBBILIeCHHeEM TeMHepaTypbl OTHOCHTebHBIe acopo- | 
UHOHHbIe KOSPPHIMEHTHI (Z,) BAHMITOMyOa yMeHbuatoTca oT 3,8 mpu 530° no} 
Ps, np 560°. IIpu Hanecenuu Ha rpaduK lg z, Kak tbyHKIMM OOpaTHoO! a6co- | 
JHOTHOH TeMMepaTypbl TOUKH JOKATCH Ha Mpsamyro (puc. 1). OTHOcHTeTbHBI | 


ACOPOUMOHHbIN KospuiHeHT Bogopona (Zs) Obl HalizeHn paBHbim 0,7, Cc TeM- 
epaTypoH OH He H3MeHseTCA. 
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Puc. 3. Xpomatorpapuyeckult avauiH3 KaTasH3aTOB, 0- 

ayuennpix pH 580° mw pH cKopocTH mponycKaHus: 

a — 1000, 6 — 820 ue — 570 ma/a-4ac; yaacrKu KpHBbIx 

OTHOCSTCA COOTBETCTBEHHO: NepBbIH K TOJYyoMY, BTOPOH K 

KCHJIONaM, TpeTHH K STHITONyONy, ueTBepTHI K 
BHHUJTONYOy 


Tlonyyenubie aHHble MO KMHeETHKe JerMAporeHusaluu yraeBoxopoxoB onn- 
SBIBAIOTCA OOULMM KMHETHYCCKUM YPaBHeEHHeEM MOHOMOJIEKYJIAPHBIX ipeakunii B 
T/poTouHoH cucteme (*). Koncrantbl cKopocTuH peaKkuun JernzporeHusaln STHI- 
Tojyola mpuBeseHb! B TaO7. 2. JlorapudMuyeckand 3aBHCHMOCTb KOHCTAaHTHI 


} 


TaOauua 2 


KunetTuyeckue ui TeEPMOANHAMHYeCKHe PyHKuHH acopOuuoHHoro BbITeCHEHH A 
STHJITOJLYOJIa BHHUJITOJYOJIOM 


; : ke + 102, AR AS, 
Tepa, °C 22 Sih oa 3 mun.| Kas/Monp | 44, KKan/MONb| xa n/ppaq-monb 

| 530 3,8 0,734 1914 | 42,6 

540 2,6 0,969 1566 32,9 41,8 

900 2,0 1,274 1432 40,6 

560 1,5 1,704 | 668 , 3 39,6 


| as peakWMu OT OOpaTHOH aOcoMOTHOH TemMepaTypbl NOKasana Ha puc. 2. 
Touku ykslaqpIBaioTca Ha MpaAMy!o, ypaBuenue AppeHuyca BbINOJIHAeTCA. 
Sueprus AKTHBAILHH, BBIYMCJICEHHAA H3 KOHCTAHT CKOPOCTH peaKIHH, paBHa 
34,6 kKkan/momp, u lg k, = 7,3. 

_ Uonp3yscb HaliqeHHbIMH 3Ha4YeHHAMH OTHOCHTeJIbHBIX aCOpOMHOHHBIX KO- 
SdunHeHTOB BHHHJITOyOa Ha aKTHBHOM MOBePpXHOCTH KaTaJIM3aTOpa, MbI 
HallJid HM3Me€H€HHH CBOOOAHOH 9HeEprUun, 
Tellocosepx#KaHHA WH SHTPONHH pH al- 
COpOlWMOHHOM BbITeCHeHHH C KaTaJIMTHUe- 
CKOH MOBepXHOCTH (TaGu. ZN B tTa6m. 3 Koucrantel ckopocru Zeruqporenusannu 
TIPMBeeHbI Id CpaBHeHHA KOHCTAHTHI STUNOCHSONA HM sTHUITOMyOMA 
CKOpOCTH jlerHsporeHusanun sTHIOeH30NAa 


T aOnuma 3 


402 
HM 9STHJITONyONa, 43 KOTOPOM BHAHO, 4TO PENIS Sp yugpaene Vo, 
CKOPOCTh Jerusporenusaluu ITHVITONyONAa Stusbdvoual daeieneedeee 
OuIbIUe, YeM 9THIGeH30u1a. Takum o6pa- 
30M, MIOJIYYCHHBIe pesyJIbTAaTbl YKa3blBaloT 530 0,376 | 0,734 
Ha TO, YTO Mp BBeeHHH MeTHJIbHOrO 540 0,5120 0,969 
Ppalukana B O€H30bHOe KOJIbILO CKOPOCTb 950 0,7800 1,274 
HeruporeHu3aluu ITHIbHOrO pasNKaua oe moles Hehe 


yBeJIM4MBaeTCsH. 


U3 autepatypbi u3pectHo (*), uTO BHHHJTOYON MO*KeT MpelCTaBUTb 3Ha- 
AMTeJIbHBIM MHTepec B IIPOMBILIIIeHHOCTH CHHTeTHYeCKOrO KayyykKa JA ToOWy- 
1eHHA CONOMMepoB, a TakxKe B MapdiomepHon u gp. (*). [lostomy npesctTaBsa- 
10 HHTepec HCCJIEOBATb JerHApPOTenH3allHlO YTHITOMYONA Ha CMelaHHOM OKHC- 
10M KaTaJIM3aTOpe MIpH MOBbIINeHHOM Temlepatype. C sto mwemb10 OblIH MocTa- 
3JICHbI OMBITHI pH 580° Mu pa3sIHUHbIX CKOPOCTAX MpomycKaHHA STHJITOMYONA 
1000; 820 u 570 mua/a-4ac). PesynpratTbi GOamaHcoBbIX OMbITOB MIPpHBeJeHbI B 
a0. 4, 43 KOTOPOH BUAHO, YTO IPH OMHOM U TOL 2%e TeMNepaTtype (580°) c yMeHb- 


; TaOauna 4 


KataiutTuveckad Jerugporenusauua sTuaTosyoa mp 580° mM npu pasOaBieHun Mapamu 
Boypl 1: 4 (BecoBoe OTHOWeHHe) 


Cocras Kkatasausara, Anamu3 rasa, 06. % 
IKOpoctb Bpixox Bec. % Bpixoq BHHHA- 
KaTaJH- TomyoNa Ha 

foyaay, 3aTa, pon. u Ha pa3- ( 
Wey 8c Bac. % bie ae C,H, |Tonyoa|Kcu0n Pa eee co, | CnHon} H, CrHon + 2 

; 
Booc 98,0 | 42,3] — | 0,4 | 4,4| 42,8 | 86,1 | 11,3] 0,6 | 85,0! 1,6 

Beem S58 ;7 lent Oo} 8,0 [1,3] 84,2) 4457 | 4,0° | 84,5 4,8 
570 Sr SS 0. 0.4 b4.4.) 40.8 ).56,0 | 80,7 |. 43,34 0,8.4.81,8 1 2,0 
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; 


meHHeM cKopocTH mponycKaHus oT 1000 yo 570 Mui/1- 4ac BHIXOAbI BAHHITOMYONE 
“Ha MPOMyueHHbIi STHITOMyO BOspacTaioT oT 42,8 fo 56,8%. IIpu stom BBI 
XOJbI Ha pa3/O*KeHHbI ITHITOMyON CHMKaloTcCA OT 86,1 yo 80,7%, TO yKa3bI 
BaeT Ha OOpa30BaHHe MOOOUHHIX MpOAYKTOB peakWHH. PesysbTaTbl aHasu3a Ka 
TaJIM3aTOB Ha xpomatorpade (puc. 3) MOKa3sbIBaIOT, YTO IPH YMeHbIeHHH CKO 
pocTu ipomycKaHuA BO3pacTaeT KOsIMYeCTBO ToyoNa OT 0,6 no 1,4% (mpu cKO 
poctu 570 ma/at-uac) u KcHno1a0T 4,3 go 10,8%. IIpu ckopoctu mponycKaHus 
570 ma/m-uac oOpa3yetca, Kpome toro, eme 0,1% OeH30na. IlpuBemeHHpld 
JJaHHbIe WOKAa3bIBalOT, YTO Ha OKHCHOM KaTaJIM3aTOpe BUHUJITOMYOU MOXKHO 110 
JyuaTb C BbICOKHMM BEIXOZaMH MmpH 580° nu OombUIMX CKOpOCcTAX MpomycKaHus 
STHJITOYOA. 


Tloctynuso 
28 IT 1961 
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XHMH fl 


Unen-koppecnoujent AH CCCP Il. fl. BYJHHKOB u H. B. WHLIKOB 


HEKOTOPbIE HABJIOREHHA MO KPHCTAJIJIM3AWWH OKHCH 
BEPHJIJINA U3 FASOBOH PA3bI 


Hexotoppie OrHeYNOPHble OKHCJI, MOHOKPMCTaJIbl KOTOPEIX TpyAHO Movly- 
‘MHTb KPHCTaJIM3allMeH H3 PaciiaBa BCJIEACTBHe BbICOKOl TemMepaTypbIl M1aB- 
JICHHA, CPaBHHTeJIbHO JIerKO KPUCTAJIM3YIOTCA H3 ra3s0BOli (asbl, WaBad BeCbMa 
‘coBepiieHHble MOHOKpucTauibi (1,"). Temnepatypa npu movy4eHuu Takux KpH- 
‘cTas0B MO*KeT ObITh 3HaYHTeJIbHO HWKe TeMMepaTypbl MaBsIeHHA OKUCJIA. 
| Hamu HaOuofasicA POCT KPHCTaJIOB OKHCH OepHIMA H3 ra3s0BoH dasbi 
‘pu 1900; 1800 u gaxe 1600°. OnuitE! npoBozusuch mpH aTMocibepHoM jaBule- 
“HMM B Cpese aproxa. 
| KomnaktHad NomuKpucTaniMueckad OKuCcb OepusmuA YncTOTOH 99,9% mo- 
‘Melalacb B TMOJIbIli rpaduToBblii OOK H BbIepxAHBaNaACb IPH MOCTOAHHOH TeM- 
flepatype B Teyenue 10 uac. uw Oonee B NeYH C rpactHTOBbIM COnpoTHBJeHHeM. 
_ Pactyniwe kpuctanibt BeO pacnosaramuch Ha BHYTpeHHeli CTCHKE KDpbILIKH 
6.10Ka, UMeBel Temnepatypy Ha 10—50° HmxKe TemnmepatTypb oOpasita. 

Kpuctaubl uMemH pa3sMepbl 20 5 MM uM pasHOOOpa3sHyto copmy, c mpeobsa-— 
‘aHveM, OfHaKO, MacTHHOK u cTepxKHeli (puc. 1, a—2e). Crep2xHeBbie KpuctTai- 
Jbl 4aCTO pacTyT rpynmaMu B OJHOM HalpaBJeHHHn, OOpasyaA cTomOuaTbIe Cpo- 
cTKH. Cpequ Apyrux csbopM BcTpeyaloTcA KOPOTKHe reKCarOHaJIbHble MPpH3MbI pa3- 
mepom He Oostee 100 x 100 p. 

MexaH¥3MOM pocta KpHCTaJJIOB M3 rasOBOli CpeAbl IPHHATO cuuTaTb (#) KOH- 
WeHCallMiO BeieCTBa Ha BepluuHe pacTyulero KpucTaia. 

V3 dbotorpadui B mpoxossamyem cBete (puc. 1 a—é) BUHO, YTO XapakTep- 
‘HbIM ABJICHHeM B TIpottecce pocta BeO us rasoBolt :basbl ABJIAeTCH OOpasoBaHHe 
ACHIPHTHBIX BeTBIeHUM HM TaK Ha3biBaeMbIX «ycoB». Kak oTmeuaet Xapyu (3), 
HeH3BeECTHO, HMCIOT JIM «yCbIy MeTaJJIOB TY %Ke OPHeHTAalHKO, YTO H OCHOBHOH 
KpucTamI, Ha KOTOpom ou pactyt. Ho us cororpaduk (puc. 1) BuyHo, 4TO 
OTPOCTKH U «ycbIy U3 BeO oOpasyioT BOE OMpeeJIeHHBIM yroul C NepBHUHBIM 
KPHCTaJIIOM, a uMeHHO 60; 90 umn 120°. Sto cooTBeTcTByeT KPHCTaIM3alHU 
BeTBH B HallpaBJIeHHAX OCeH A AYeHKH TlepBHYHOrO KpHCTaMIa. 

Ha HeKkoTopbix dotorpapuaxX KPHCTaJIbl HeMpOspayHbl BCeCTBHe Havn- 
4A Ha HX MOBePXHOCTH MVI€HKH yruiepowa, HCMapHBeroca Cc rpaduToBoro Ov10- 
a. B Kakoli cbopme ocammaeTcn yruiepoy Ha OKUCH Sep MA, He ACHO, OMHaKO 
XHMMYecKOe B3aNMOJelicTBHe Mexy yruiepogom u BeO c oOpa3s0BaHHemM Kap- 
Ouna Be,C uckmoueHo, Tak Kak 3Ta peaKI[MA HJeT JIMUIb BbiIe 1950°. 

OueHb XapakTepHa HavasbHad cTaqua ocaxKeHuA yruiepofza Ha BeO, Hao- 
juoaeMast Ha TOHKHX MviacTHHKax (puc. | e, 0). TouKaa cepas MvieHKa yruiepoya 
oOOpasyeT B MpoOxosAMeM CBeTe PHCYHOK, OCHOBHbIM 9JIeMeHTOM KOTOPOTO ABJIA- 
€TCA IpaBHJIbHbI TpeyrouIbHUK co cTopoHoli 1-5 -10-* cm. Takoii xe pucyHoK, 
corsiacHo Optouty (4), CBOfCTBeH NOBepXHOCTH,TeKCarOHaJIbHOW yMakKOBKH, 00- 


Pa30BaHHOli U3 3/IeMeHTAapHbIX TeTpasposw (HalpuMep, MO; ). Tlostomy mox- 

© moaraTb, YTO HaleT, OOPasyrioulHlicA B PesyJIbTaTe KOHJeCHCAaIMM NapoOB yr- 
Jiepoqa Ha BeO, BplaBaaeT pepe) MOBepXHOCTH KPHCTaJIa, TaK *%Ke Kak 
3eKTPOHHOMUKpOCcKonMuecKHe pelJHKH. OTO MOATBeprxKaeTCA CXOACTBOM 
PpucyHKa c TpeyrouIbHbIMH TeppacamH pocta, HaOm01aBLIHMMNCA Bapma (°) Ha 
‘TOBepXHOCTH KPHCTasIa WMHKOBOM OOMaHKH. J[pyroii NpHyHHoO OOpasoBaHHA 
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pucyHKa MOxeT ObiTh Us0upaTeJbHasx alcopOuHA yruiepowa onpeyeseHHbIMH 
yuacTKaMH POBHOM MOBeEpXHOCTH MOHOKPHCTaJJla, XOTH 9TO M€H€e BePOATHO. 

B GoubuiMuctBe culrydaeB pxbI, OOpasyemble urypaMH HaMblvieHHA yrie-H 
poya Ha MoBepXHocTH miacTHHb! BeO, OpHeHTHpOBaHbl NapasebHO ee MIpo- 
JIOMbHOM OCH, ABJAIOM[EHCA OCbIO C, a B HeEKOTOPbIX CJIYYaAX PaCMOJOKEHbI 
Hog yraiom oKolo 30° K ocu KpHctasmia. B mocreqHeM BapMaHTe BeTBb pacTeT 
TlepieHHKYIAPHO TeOMeETPHYeCKOH CCH IJaCTHHEL. 


Puc. 2. MonokpucrambHaa eHTa OKHCH Gepuaiua. 150 x 


Ha puc. | 0 noka3aH CTep2xKHeBHIHbIM KPHCTaJI, OCb KOTOPOrO COBMayaeT 
¢ ocbIO C aueMeHTapHon sueiikH BeO. CBoeit BeTBbIO KPHCTAaJIJI COCAMHMJICH C| 
mwlacTHHOH, y KOTOpO TakxKe BUeH OTpocToK. IIpumMeuatesbHO, TO POCT BeT- 
BH He Obl OCTAHOBJI€H BCTPeCTHBIIHMCA IIpenATCTBHeEM — TIJlaCTHHOH, WH Hapall(u- 
BaHHe BeTBH IJIO B CTOPOHbI C OOpa3s0BaHHvem OecctbopMeHHOrO HalliblBa B MecTe 
BCTpeunH. Sta cororpadusa Cy*KUT BOKasaTeNbCTBOM MeXaHW3Ma pocTa KPpH~ 
CTaJlia H3 Taso0BOH (asbl MyTeM KOHJeHCAalHH BeleCTBa Ha ero BeplIHHe. 

Monoxpuctaiibt BeO, mouwyueHHble 43 ra3s0BOH (ca3bl, BeCbMa IIPOUHbI HU 
MOrYyT HCIbITBIBATh OOJIbIIMe yipyrue JedpopMayuu 6e3 paspylweHuA, YTO BHI- 
Ho u3 puc. 2. Kak coo6njaeT Prunkepuy (*), mpouHoctp «ycoB» BeO cocTaBiAeT 
mpu usrude 150 000 KI/cm?. B cBxa3v CO CTONb BLICOKOM MpOWHOCTbIO MOHOKPH- 
CTAIJIOB, TOJIYYeCHHbIX H3 TrasoBOH *asbl, STOT MeTOM BbIPAalll\HBaHHA OKMCHbIX 
KPHCTaJWJIOB MOKeT CTATb BeCbMa TePCNeKTHBHbIM, ecuH OyRyT HaleHbl my- 
TM MOBbIMeHHA CKOpOCTH pocTa HM CHOocOObl ynpaBJIeHHA MpoleccoM KOHJeHCa- 
IMM Ip BbICOKHX TeMMepaTypax. 


MockoscKuit XHMHKO-TEXHOJOPHYeCKHIT ~HHCTHTYT Tlocrymuo 
um. J. UW. Mengeneesa 25 II 1961 
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Pic, 1, Kprcraiist oKkucu GepHIHA, BbIPOCUIHe H3 PrasoBOil cpeAbl Ha NoBepxHocTH rpaHTa; 
a, 6 —340:; 6, e 200 «; 0, e — 440 
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Horaagn Akaygemun nayr CCCP 
1961. Tom 138, N85 


; XHMH A 


j A. Jl. TEJIBMAH u JI. H. 9CCEH 


K H3Y4EHHIO KHHETHKUW PEAKUMA 3AMELLEHHS 
BO BHYTPEHHEM C®EPE KOMIMJIEKCHbIX MOJIEK YJ 
({Tpedcmaeaeno axademuxom B. H. Cnuyerneim 17 III 1961) 


B nocuJieqHne roxbl MpoBesenH pay uccseqoBaHui KoMUeCTBeHHOIi CTOPOHbI 
‘TPaHC-BJIMAHHA B KOMIVJI€KCHBIX COoequHeHHAXx (*-°). Pa6ornt stu, npoBosHB- 
TMHCCA PaSAMYHBIMH MeTOJaMM, NOKAasaJH, YTO, NorxKayii, HanOouee repcneKTHB- 
‘HEIM ABJIACTCA USYYCHHe KHHETHKH peakIUMH BO BHYTpeHHel ccbepe KOMMIeKC- 

bIX MOJICKYJI. 

Ilo BompocaM KMHeTHKM peakUMli B KOMIJICKCHBIX COeMHeHHAX 1aTHHbI 
KONMYCCTBCHHbIC JaHHbIe MOyyeHbI B padoTax (*'!), Ho mpHBeyenupie B (8,9) 
BP ccnus KOHCTAHT CKOpocTeH peakWMii OTHOCATCA TOMbKO K OLHOH KOHWeHTpa- 
‘Muu pearupyiouux sBemects (0,03 M). Ham kasaocb, uro ecu IIpOBecTH HC- 
(CeOBaHWe MPH PasJIM4HbIX KOHICHTPalnAX PearupYIOULMX BeleCTB, TO MOXKHO 
MOYUMTE Coulee WHTepecHble JaHHbIe, B KaKOli-TO Mepe mpomuBalomne cBeT 
‘Ha MexaHv3M peaklul BHYTpuchepHoro samenleHus. 

B wactosiem KpaTKOM COOOmeHHM MbI M3vlaraeM OCHOBHBIe pe3yJIbTaTbI 


‘Hallero ucclesqopanuA. Mbt MO/Ib30BaIMCb MeTOAUKO!, onMCaHHOl B (*); OObeK- 
TaMH Halllero uccIeloBaHun 


ObIJIM Te Ke peakIMH: B3aHMO- 
MelicTBue TPHalluAOMOHOaM- 
MMHOMIaTOaTOB JIBYXBaJIeHT- Cpequve sHayeHHA KOHNCTaHT cKOpocteii peakuni npu 


Ta6auna 1 


HOU WJaTuubl KIPtNH,Cl,] PpasJIMUHbIx KOHICHTp alu ax pearupyloulux BeLllecTB 
Pd (CBexKel pHroToOBJIeHHbIe PpacTBOpbl) 

K[IPtNH;CIBrCl] Hu ; ia 

KIPtNH;CINO,Cl] c¢ nupu- | 

HHOM B BOJIHbIX pacTBopax Peakilun 0.01 M 0,03 M | 0,06 M 0,09 M 


OnpefeyeHua mpoBoyu- : 
IMMCb IIpH KOHIMeHTpaluax | 


K [PtNH,Cl,] + P 82,8) 52,5| 37,41 34.2 
pecrupylomux Bemects0,01, PINEEC eri apy 434" 9) 100" eae eee 
9,03, 0,06 10,09 Mutemme- x /PiNHSCILNO.}]-- Py | 613 | 576 | 582. | ane 


daType 25°. CoorTHomenue 
‘pallu LOMOHOaMMHHOMaTO- 
Ta M mupHanHa 1: 1. Tlupuqun npuOapasnsnca K pactBopam yepes 2—3 mun. 
focyie HX MpHroToBeHuA. Ha ocHOBaHHM SKCHePMMeHTAJIbHbIX JlAHHBIX BbI- 
MCJCHbI KOHCTAHTbI CKOpocteli peakwui. Brruucienne mpoBogusoch m0 ypaB- 
(€CHHIO [WIA peakitMu BTOporo nopsyKa. B Ta6.. | mpuBeyenb cpequve 3HaueHna 
(OHCTaHT cKopocteli peakuni (K-10) mpu pa3sm4HbIX KOHYeHTpannax pea- 
MpYyIOWMX BeLecTB. 
- Kak sujyHo u3 Ta6n. 1, KoucTaHTbl ckopoctei peakimii He CcoxpaHstoT mo- 
TOAHHBIX 3HaueHHH. JIA BCex Tpex peakUHit MbI HaulvIM HEKOTOPOe MOBbIMEHHeE 
OHCTAaHT CKOpoctTeli peakUHii C YMeHbIeHHeM HayasbHbIX KOHWeHTpaunti pe- 
PHP yiOuHX BeMleCTB, YTO, MO-BHAMMOMY, OOycJIOBeHO MpoleccaMM aKBOTALLMH. 
Eme p 1940 r. A. A. lpux6eprom (14) 6bii0 BbicKa3aHo mpemnovioxenne, 
TO OOMeH B KOMIIJICKCHBIX MOJIeKyJIaX IIpoTeKaeT MOcpesCTBOM TIpoMexKyTOUHO 
Opasyromuxcsa akBononos. B yanpHeliliem 9TO MpeznooxKeHHe Haliio 9Kcrie- 
eCHTaJIbHbIe MOATBep»KneHUA (29,141,138 15), 
| Tot akt, 4To B pa36aBeHHEIX pacTBOpax KOHCTAHTHI CKOpocTeli peakuuii 
€l0T Oosee BbICOKHe 3HAYeHHA, ABJIAeTCA elle OJHUM NMOLTBepxKZeHHeM Toro, 
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‘ 

YTO OOPAasOBAHHE AKBOKOMIWIEKCOB HFPAeT PeCIAIOULYIO POIb B PCAKIMAX Bae 
MeLICHHA, MpPOTeKAIOULAX B BOHbIX PacTBOpAX. 

Bo BHyTpennelt ccbepe KOMMMeKCHOM MOJEKY Jb B BOLHOM Cpese MpOneXoAT 

CJICAYIONME TIpPeBpauLeHHsA: 


NHy (cn) NH, (4,0) 
Pt € + WO Sema P| ey 
X Cl x C) 
js (140 } NH, (OH } 
Pt - —_ Pt Yn 
xX C) x C| 


Ilocme storo mpoTekaeT B3AUMOsJLEHCTBHE C KOMMOHeHTOM Y (Harpumep, ApH 
J\MHOM): 
Nit, On. NII, Y 
Pt ities Mt + On 
x Ol X | 


a! 


Takoit MexaHu3M JWISt peakinhH OOMeHAaA B MOJIeKYMaAX TeTPALlMonMaTOAaTOB 
paccmatpuBaetes B paGote (*) Kak HanG6ovlee BeposntHbih. Tlo-nayuMomy, TaKH 
Ke OOPasoM MpoTeKaloT peakUMH M JWI TPMALMAOMOHOAMMHHOMMATOATOB, YTO 
noirBepxKaetcn nsMeHeinvem pH pacrBopos Bo Bpemenn. Mamepenne pH 
PACTBOPOB HCXOMHbIX COE Yepes ONpPeeeHHbIe MPOMEKYTKH BPeMeHH TO0- 
Ka3aiO, YTO KOHIEHTPAlNA BOLOPOMHbIX HOHOB pacretT, MpH4em cocTOAHH 
paBHonecnA HacTynaeT CpaBHuTesbHO Opictpo (TabvI, 2), 


Ta6Omuua 2 
VMamenenne pH pacrnoposn Bo Bpementt 


Suavennn pli 


Coutb =| o e yepes Hepes Hepesd Hepes HWepes Hepes 

ie Gs § mun, 10 Mun, 15 mun, 20 MMM, 2b Mun, 30 Mun, 
K{[PtNH Clg] LO) Of Fae 4,9 4,8 4,6 4 sO 4,5 4,9 
0,03|4,4 4,3 4,2 A, 4,05 4,0 4,0 

0,06) 4,2 4,0 4,0) 4,05 3, 3,8 3,8 4 
K[PtNHsCleBr}] | 0,01 )5,15 4,9 4,7 4,5 4,45 4,4 4,4 
0,03] 4,7 4,80“) om, 4,15 4,4 4,0 4,0) 
0,06] 4,4 3,9 3,85 3,8 3,75 3,7 3,7 
K[PtNHyClyNOg] | 0,04 | 4,5 “8 4,0 3,9 s8 hae 3,7 
0,08 | 4,2 4,0 3,8 3,6 I) 3,45 3,4 
0,06] 4,0 3,6 3,5 3,35 3,3 3,3 3,3 


Takum o6pa3om, rosops 0 B3anMoyelicrBuHn cone K{Pt{NH,CIXCI] ¢ napa 
JIMHOM B BOJHDIX pacTBOpaX, C/eyeT MMeTh B BULLY, UTO (bakTMUeCKH BamMeULeHH 
MIPOHCXOAMT He Ha KOOpsMNaTax X—Pt—Cl (rae X == Cl, Br, NO,), a na ko 
opyunHatax X—Pt—OH., 

Hann onbithl TakwoKe NOKasaIM, 4YTO B3anMOselicTBHe C NHPHAMHOM pac 
TBOPOB TPNALMOMOHOAMMHHOMJATOATOB Kaus, BbILC PAK ANH DIX np KOMHATHO 
TemilepaType B TeueHHe HEKOTOPOFO BPeMeHH, MpoTeKaeT 3Ha4UTebHO OpicTpee 
HEM B3AHMOCHCTBHE CBEAKEHPHFOTOBJCHHbIX PAaCTBOPOB, 

Jia yeranopjenua 3aBnucumMoeTn CKOPOCTH PeCaKIMH BaMeeHHA OT Bpe 
MCHH BbULEPARKKH PaCTBOPOB OpLla NocTaBseHa CepHA ONbITOR Cc pacTBOpaM 
coset KIPt{NHsClsl nu KIPtNHsCloBr]. Mbt jelictponain nupHHHoM Ha cBe 
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KENPHTOTOBCHHbIE PaCTBOPbl STHX CoONeH, A TaKKE Ha paCTBOPHI, BbI/Lep- 
KAHHbIC NpH 25° B Tedenne |, 2 u 3 uacos. Towysennpie pesyaprarnl NpPeleran- 
fenbl Ha puc. 1. Kak Buuo u3 pue. |, 
PaSHHika B 3HAYCHUAX KOHCTAHT CKOpO- 
cTeli peakilMi WIA pacTBOpoRB, BbIep- 
KaHHbIX B Teyvenue |, 2 nu 3 uacoB, B 
SOJIDINMHCTBE CJLYYaeB CTAHOBUTCA He- 
BHAYUHTeJIBHOH, H, BO3MO*KHO, 4TO “Epes 
Gouee WIMTeIbHOe BpeMA 3HaueHnsA 
KOHCTAHT JIA pacTBOpoB C KOHILeHTpa- 
queih 0,03—0,09M cranyt ouenb 
‘O1M3KUMH, 
Kak Hu culeqoBano omKUAAT, Mpo 
flecc aKBOTAaILHM OpICTpee Bcero Mpote- Kn} ()f 
KaeT B pasOaBJIeHHbIX pacTBopax. 
K comkasiennio, Mst He CMOrIM of 
peAeHTb KOHCTAHThI CKOPOCTH peakilHn 
NKIPtNHsCleNOe] +- Py B BpinepxKan- 408 
HbIX pacTBopax. B 9THx cyuanx peak- = == eed 
A ipoTekaeT HacTO/IbKO ObICTpO, : 
4TO TIpHMensABUIAAcA Hamu meTosnKka 7% 2-7 
[e JlaBala BOSMOXKHOCTH HpoBecTu THT- ALAS LRU eo CP 
DOBAHMe NMpUuMHa Oe3 pucKka jLory- I Q Jvac, 
(CTHTb rpyOyio OUIMOKy. Puc. 1. Sasucumocth Koncraut ¢cKopocreli 
Ecam paccmatpuBatb rosyuennpie peakuni OF BPeMeHH BHEINepAKU pacTHOpoB. 
WanHple C TOUKH 3peHHA s3akoHOMep- @— K [PtNHsCls], 6 — K [PtLNHsCl.Br] 
‘HOCTH TpaHC-B/JIMAHHA, TO OHM Haxo- 
| aha B MOJIHOM COOTBETCTBHH C¢ 9TOH BAKOHOMCPHOCThIO JWIA COe/IMHeHHH 
ABYXBaeHTHON maTMHbI. CooTHomenne  KoncTanT cKopocTel  peaKitnit 


q 


f Ta6uuna 3 CBCAKENPHTOTOBMCHHLIX PAaCTBOPOB HC- 
a . > e . ot . 
Coornouenue Koucrant cKopocrelt peakuni CICAOBAHHbIX Cone C TMpHAMHOM B 
j K [PtNH,Cl,], K [PtNH,Cl.Br], 34BUCHMOCTH OT KOHILCHTPAallMn Kowe6- 
IK [PtNH;Cl,NO,] C MMPHAMHOM TIpM pas- NeTCH, HO pH MOObIx KOHILCHT Palln AX 
BME costroronnewuue vacrncy) KOHCTAHTA CKOPOCTA peaKILHn ¢ TIK- 
( JJ s pacr 
: ee P sak adhe ba PHAWHOM Y AMX JOPOHUNTPOMOHOAaMMHUHO- 
ev orahiisaie HaToata KAMA Oosbule, 4eM y jIH- 
09 
[ xoncranr | 9,01 Mi) 0,08 Mf) 0,06 M) 0,09 M x nopoOpoMoaMMMHOnaTOaTa Kana, a 
7 y mocwelnero, B CBOIO O4epeslb, OO/Ib- 
K K me, 4CM Y TPUXJOPOMONOAMMUHOILa- 
Br 4,6) 2,31 2.3| 2,2 Toata KaiuA (Tab. 3). 
Ko B pa6ote (*) mnpupelenbt cooTHo- 
Kno, IIeHHA KOHCTAHT CkopoctTeh peaKinit 
4,6) 4,8] 6,8) 6,2 PtNHsc ) ‘leR, 
Kp ’ y ue pte KIPtNHs ‘Nal, KIPt{NHsCleBr] aI 
pay KIPtNHsClzNOz] ¢ nupujznnom pH 
r K 3 7,4 10,9 | 15;5 | 43,9 KOHUCHTpalnh PearnpYyIOuLnX BeLLeCTB 
Cl 0,03 M. 
JIA conoctaBienna TpnBOLMM co- 
7! OTHOMeCHHA KOHCTAHT CKOpocTeh peaKk- 
qua KIP{NHsCleBrl u KIPtNHsCls], nporekaoumx p pactBopax, BpIep- 
aHHbIX pw 25° B Teyenne 3 yacop. 
' Konuentpana 
pearupyiouux 
Bee OT? 0,01 M 0,03 M 0,06 M 0,00 M 
Ker ‘ 
Ka 2,4 1,8 1.5 1,4 


B3aumogeictane Tpnall4OMOHOaMMHHOMaTOATOR © TIMpHJLHHOM npeerap- 
eT CHO*KHDI Mpowecc, H BblunCeHMe KOHCTAaNT CKOpoctel sTux peaKiuit 
YpaBuenwio BTOporo MopAAKa ABMACTCA YCJIOBHDIM. 


JLAH, t. 138, No 5 1097 


Tlockoulbky 3amelleHve mpoTeKaeT Ha KkoopfuHaTax Cl — Pt — OH 
Br— Pt —OH, NO,;—Pt=-OH, a,ue ua Koopauatax Cl Pisa 
Br — Pt — Cl, NOz— Pt —Cl, go Tex nop noka He HalijeHo ypaBHeHH 
Ayia pacueTa KOHCTaHT CKOpocTeH peak C y4ueToM THpomusa, WIA KOM 
YeCTBCHHOM OMCHKH TpaHC-BIMAHHA pa3s/IMYHbIX aeHIOB TpaBuJibHee CpaB 
HHBaTb M@KLY CoOo1I0 3HaYeHHA KOHCTaHT CKOpocTeH peakllHii, MpoTeKarouln 
B BbIepKAHHbIX pacTBOpax. 


Uncrutyt :busvueckoh xHuMHH Tloctynuo 
Axajemun HayK CCCP 30 XIT 1960 
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Jokaagyn Akagemun nayr CCCP 
1961. Tom 138, Ne 5 


XHMHA 


Moe ie TOJIBALWTEWH, E. H. TYPbAHOBA 
H 4JeH-KOppecnonnent AH CCCP K. A. KOYELUKOB 


MOJIEKYJIAPHbBIE COEXMHEHWYA YETbIPEXXJIOPHCTOFO OJIOBA 
C OPFAHHYECKHMH CYJIbOnH TAMU ve. | 


_ Komnaekcsi vetpipexxsiopuctoro oviopa c opraHuuecKiMu eyaapuann Maio 
(Syuenb. B auTepatype onucanbl CHHTeSbI BCEFO JIMLUIb HeCKOABKHX COeMMHEHHIt 
fakoro Tuma: SnCla-2(CHs)2S (1,2), SnClu ‘2(C2Hs)e2S (1), SnCl, (—' CH» i; S— 
iHs)2 (*). usnKo-xumnueckue cpoiictsa UX, B TOM 4HCJe JMMObHBIE 
(OMeHTHI— OMHa U3 BaxKHeliMux KOHCTAHT, XapaKTepH3yIoUlNX, MmpHpoLy 
bropio-asienropni CBA3eH, HE HCCIeQOBaHCb. Wie 

- B Aannoit paoote, spasmomeiica Haganom CHCTeEMATHYeCKOrO UCCIeEOBAHHA 
OMINIEKCOB Ce€paopraHu4ecKUx CoeqMHeHU C raOreHuaMu MeTaJJIOB HU Me- 

HOOPPaHHYeCKUMM COCAMHEHUSMH, CeaHa NOMbITKA H3yYeHuA Hpoteccos 

OMIIJIeKCOOOpas0BaHHA B CHCTeMax Y€TbIPEXX/OPUCToe OBO — opraHHyecKne 
YAbpuAbI B OeH301e MeTOZOM AM9TeKTpUUeCKOlI NOWAPHSalHH W MCC IeLOBaHHA 
Aa CBOUCTB OOpasyiouINXCA KOMMIeKCoB. cn 
_ Cy M0 Tomy, 4¥To KomnaeKcnl coctaBa SnCla-2D, rye D — kucaopoy nan 
BOTCOMep Kalle COCAMHEHHA, OOMAaLaoT OOJIbIUHMU AMNOJIbHBIMU MOMe€HTaMi 
~*), 3HaYHTeIbHO MpeBbIaonLuMH CYMMY JMIOJIbHbIX MOM€HTOB KOMMOHeH- 
%B, MOXKHO ObIJIO O%RKULATH, 4TO OOpasoBanue JOHOPHO-aKIeNTOPHBIX CBA3eH 
-Kommsekcax cepaopranmueckux coequnenuii BbIZOBET TakKKe 3HAYHTEIbHEIC 
S3MCHEHHA NMOJIAPHBIX CBOLCTB HCCJIELYEMbIX CHCTeM. 

‘IIpowece o6pasopanua KomnueKcoB MbI HaGmoLanu c MOMOMbIO MeTOsa 
BACKTPOMETPHYECKOrO TuTpoBaHUs (*), KOTOpEI NosBomAeT OMpeqenATH He 
MbKO CocTaB Hu ycToii4uHBOCTS OOpasyIOULUXCA COeMHeHHH, HO H UX QuMOMb- 
€ MOMEHTEI B YCOBHAX NOLaBJIEHHA LHCCOUMALLMH. 

Ha pac. | u 2 npusegensi kpuBpie AMSJEKTPOMETPHYeCKOFO THTPOBaHHA pac- 
iopos SnCla B Gexn3one (0,05—0, 15 T+ MOJIb/J1) HCCeLYeMBIMH CysbduAaMU 
mu 25° B aTMocdepe Cyxoro asoTa, B TAG. 1 NpHBeLeHbI 3HAYeCHHA MMOMBHEIX 


Ta6Oauna 14 


. | Mey npbuya 
fo No } | 
ier. Komnaexc | €Snci, Peommat | B GeHsome + 
i | +SnCl, B 6eH30,Ie 
| 

4 | SnClg-(CaHe)2S 0,124 6,74 1,54 L,57** 
. SnClq-(CgHy7)2S 0,108 6,79 1,64 1,63 

f SnClq-(CgHj9)2S 0,049 | 6,72 | ,06 4 ,06 

4 | SnCl4-(CygH33)2S 0,049 | 6,88 — AT 
© | SnCly-2(CyHg)2S Ona. 4,10 — 

6 SnClq-2(CgHy7)2S O 7 049 4 ; 40 — —_— 

7 SnCl4-2(CaH19)2S 0,049 ANG} — — 
8 (CgHs)oS + SnCly 0,080 —— 1 : 67 1 US gD SY aa 
\9 (130-CgHy7)oS + SnCly 0,108 | = Pay 1,64 

19 |CsH;SC.H; + SnCly 0,108 — 4,08 1,48 

1 | SnClg-2(CyH)oS * B Gen30ze — 4,54 — — 

2 | SnCl4-2(CyHo)2S * B  6eH30ne + a 3,93 — — 

/ --(CyHo)2S 0,452 r-monb/.1 
3 SnCl4-2(CyHg)2S * B 6eH307e + _ 6,20 - -—- 
Dies. / 
+SnCl, 0,12 r-moap/a 

: > Msmepsaucb JAUNOJIBHbIe MOMEHTDI BbITe@JeCHHOrO KOMTeKca. 

_** Jimtepatypubie zaHupie. 
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MOMeHTOB. O6o3HayeHHA CJIeLyIoulMe: € — QMSJIEKTpHueCKaA MpOHHILAaemMoctTy 
d — nnotHoctb, Csncl, — KOHWeHTpalua HCXoAHOrO pacTBopa SnCl4, C — Kor 
HeHTpalluad cybpula, f — AMMOJbHbIM MOMEeHT. 

Kak BYHO, Mpollecc KOMMseKCooOpa3s0BaHuAl B HCCIeLyeMbIX CHCTeMé 
B 3HAUMTCIbHOM Mepe 3aBHCHT OT IIpHpoOAbl OpraHHyecKkoro CybpULa. 


———— 
Csnthn 

Puc. 1. J{vaneKkrpomerpuueckoe TuTpoBpanue Puc. 2. J\usnextpomerpwueckoe THTpOHp 
SnCl, B Gen3oe: J — qu6yTuncynnpugom, 2— Hue SnCl, B 6en3oue: J — QMOKTHICy Ege 
TMHOHMICyIbpunoM, 3 — AHOKTHICyIEpuyoM,  oM, 2 — AHM300KTHICyIbpHJoM, 3 — 37 
4— jurekcafennicyaLdpuyom, 5 —aHdenuicysb- (PeHHICyJIbpHAOM 
(buyom, 6 — mloTHocTH pactBopos SnCl, + gu- 

OKTHJICY bp 


B ciyuae Wubennscyrbppuya (puc. 1, 5) B uiMpoKoM HHTepBase KOHILEHTD ally 
HaOOLaeTCA TpAMOJHHEMHAA 3aBHCHMOCTb & OT C, J\MMOMbHbIM MOMeHT € 
B IipucytcTBHu SnCla papen 1,67D (coeaunenue Ne 8, Ta6n. 1) w OnM30K K 
MeHTy B OeH30ue: 1,57 D. 

Mino Tun kKpuBprx e—C HaOmofaeTcA B CHCTeMax 4eTbIPeXXJIOPHC 
OI0BO — JMu300KTHJICyIbpuA (7,9-qumeTu-8-THaneHTayeKaH) (puc. 2, 
WM UeTHIPEXXJOpHCToe OOBO — 3THdeHHcyAbpuA (puc. 2, 38). ' 

SHAYHTEIbHLIM pOCT M3JICKTpHYeCKOH MpOHHIaeMOCTH paCTBOPOB CE 
feTesIbcTByeT 06 OOpa30BaHHH B 39THX CHCTeMaX COCMHCHHM CO 3HAYHTeJIbE 
OOJIbINMMM JMMOJIbHBIMA MOMEHTaMM, 4eM AMMOJIbHbIC MOMEHTbI 106aB/IAeMIg 
CybuqoB, OHaKO XapakTep KpuBbIxX € —C u d—C ue no3BomseT ong 
ACIMTb COCTaB KOMIIJeKCOB. J[MNOJIbHbIe MOMEHTHI STHX CYJIbPUAOB B IpHcyTs 
BHM SnCla, HalieHHble oO 3KCTpPanOAAWHM HavabHbIX Y4aCTKOB KPHBBI 
OKasaIHCb B 2—2,5 pasa BbILIe AMMOMbHBIX MOMCHTOB B OeH3oue (Tab. 1, @: 


WWIst CHCTEM C H-alMdaTuuecKuMu CyAbpusamu (puc. 1, /—4 u puc. 2, 1). 
aluaTuyeckne CyJIbPUAbI, He3aBHCHMO OT JWIMHbI aJIKMbHOTO pauKal 
(H-CaHo, H-CsH,,, H-CoHio u H-C,sHss) *, BeyT CeO no OTHOMeHMIO K Snb 
OWMHAKOBO. PasanuaiotcA TpH OOMaCTH KOHIWeHTpallHii, B KOTOPHIX 3aBH@ 
MocTb € oT C pa3nmuHa. B_ nepBoli, 20 cooTHomeHus Conci, : Crs = 1 

* Kommsekc yersipexxsopucToro osoBa Cc TMSTHJICYIbHAOM HepacTBOpHM B OeH30§ 
1100 j 


i Ai 


feeT MeCTO pe3KHH pOCT HIJIEKTPHYeCKOH MPOHHILAeCMOCTH paCTBOPOB; BO 

poli, MpM CooTHOIMeHHU KOHWeHTpaunuii Mexaty 1:1 u 1:2, quamexTpu- 

ecKaH MPOHHIAaeMOCTh paCTBOpOB TakaeT; B TpeTbel — nMocsIe COOTHOWIeHHA 

:2, HaOmoaeTcCA MpAMOJIHHEHHAA 3aBHCHMOCTb & OT C, ey s 

Tako XO] KpuBbIX ¢€ —C mo3BOJIdeT CleaTb BbIBOL O NOCcTa,MHHOM 

PHCOeCAMHEHHH MOJIeKyJI Cybdusa K SnCla. CHavana mpucoesMnAeTcA ofHa 

jovleKya cynpcpuga, OOpasyetca KomnseKe SnCla-ReS c OombIIMM AUNOJbHBIM 

MOMCHTOM; 3aTeEM IIPHCoeAMHAeTCA BTOpad MOseKyJa Cyibbula, oOpasyerca 

sommuiekc SnCla-2ReS co 3HaunTe/JIbHO MeHbIIMM JMMO/bHBIM. MoMeHToM, Ha 

)TOM IIpOLecc KOMIVIeKCoOGpasoBaHUA 3aKaHYHBAeTCH; USMeHeHME MdeKTpU- 

eCKOM MpOHUMaemMocTH pacTBopa MpH jlaibHeliwiem oOaBNeHHH cYybpula 

tooTBeTCTByeT oOaBKe HHAMBUyabHOrO COeAMHeHHA. ) 

| B 9TOM OTHOWIeHHM NMoBeqeHHe HCCJELYeMbIX CHCTeEM 3HAYHTEJIbHO OTIM- 

faetca oT chetem SnCla — cnuptoi (7) u SnCla — kucuorr (’), rae K MovleKyule 

3nCla mpHcoequHsAIOTCA cpa3y [Be MOJIeKyJIbI JoHopa, Japan SnCl,-2D u mpo- 
ecc KOMMVIeKCOOOpas0BaHA 3aKaHYHBAeTCA JMU MOCe lIpHcoeMHeHHA 4e- 

MIPeX H TpeX MOJIeKYI AOHOpa COOTBETCTBeHHO. 

_ Heo6xoyuMo oTMeTHTb, UTO MAaKCHMYMbI KpHBbIX &€ —C B UCCJELYeMbIXx 
icTeMaX, KaK [paBHJIO, CIBHHYTbI B CTOPOHY OOJIbIIHX KOHICHTpalMi, 4eM 
© CooTBeTcTByeT cocTaBy |: 1. SToT clBur oOycuOBIMBaeTCA JMCCOMMalnen 
MIJI@EKCOB. DTUM Ke OODACHAeTCA CBU MHHHMYMA TIpH Mepexosle OT KpHBOK 
MpAMOH mocwe OOpasoBaHHA KomieKca | : 2. f 
-Kpuppie d — C aia uccuezyembix CHcTeM MeHee BbIpasuTebHbI. Ha puc, | 

[pHBeseHbI 3HaYeHHA MIOTHOCTeM pacTBopoB SnCla pH THTpoBaHHM A-OKTHI- 

sy1pugom (Kpusaa 6). [IpuOnusutenbHo Takue %e KpuBbie d — C nomyyensi 

1 Ana Apyrux cybpusos. XapakTepHbIM AIA HX ~ABJIACTCA Ip AMOJIMHeHHBIH 

kO1 tocle CooTHOWIeHHA KOHWeHTpalM | : 2. 

_ Jiunoubupre MOMeHTbI BCex KOMmMseKcoB SnCla c A-asMdaTHyecKHMH CYJIb- 

buzamu cocrasa | : | (skcTpanomauna nepBo BeTBH KpuBLIxX 6 — C u d — C) 

jnu3ku Mexkiy coGoi, on4 Ha ~ 5,2 D mpeppiiaiwrT CyMMy JAMOJIbHbIX MO- 

f€HTOB KOMMOHeEHTOB. Bompoc 0 TOM, MOXKHO JIM OTHECTH STOT MPHpOcT WesMKOM 
sa cCueT OOPAa3OBaHHA TOHOPHO-aKIeNTOpHOM CBA3H MJIM 9Ta BeJIMYHHA BKJIIO- 
faeT J[MMOJbHbIT MOMeHT, CBA3AHHBIM C H3Me€HeEHHeEM IpOCTpaHCTBeHHOH KOH- 
purypaunu SnCla mpu KkommsieKcooOpasoBaHuu, MOKa OCTaeTCA OTKPBITHIM, 

"aK KAK CTPyKTYpa MOJ0OHBIX KOMMIeKCOB Hew3BecTHa. MpI MbITAaeMCA PeLIMTb 

TOT BOMPOC C MOMOMLbIO MeTOJa PeHTTeHOCTPyKTYPHOrO aHaJH3a. 

_ Jiwunompupie MomeHTbI KOMMIeKcoB cocTaBa |: 2 (9KCTpamouaWMA 3Haye- 

mit ¢ ud B TOUKax M (puc. 2) K HyeBO KOHIeHTp all) TakxKe OM3KH Me*KIy 

‘060i, OHM Ha ~2,7D HwxKe JMMOWIbHBIX MOMeCHTOB KOMMJeKCOoB cocTaBa | : 1. 

~B apyx nocaeqHux cTo7wOuax TaOn. | MpHBeweHbl AHNOJbHbIe MOMECHTHI 

'YIbPHAOB B MPHCYTCTBUM COOTBETCTBYIONIMX KOMMIeKCOB (9KcTpanoAuHNH 

‘peTbero MpAMOAMHEeMHOrO y4aCTKa KPHBbIX) HM MMMOJIbHbIeC MOMCHTbI UCCJIe- 

LYEMBIX CYJIb(H 0B, H3MepeHHbIe HaMH B OeH3O.le. 

Ucxosa 3 pesyIbTaTOB AH3IeKTPOMeTPHYeCKOFO THTPOBAaHHA, MbI MpPOBeJIM 
EKOTOPbIC OMBITHI MO BHIeeHMIO PAA KOMMIeKCOB B YMCTOM Bue HU Coulee 
leTaIbHO HCCeLOBaIM Mpotleccbl HX MpeBpalileHuH B pacTBope. 

Komnuaekxe SnCla-2(CaHo)2S — Gemoe KpucTaiiMuecKoe BelleCcTBO, T. Ill. 
4—42°, pactBopumo B yrseBOMOpOAHbIX PaCTBOPHTeNAX, NepeKPHCTAIN30- 
IBAeTCA U3 eTpOJelHOoro supa, NeperoHAeTCA B Baky yMe 6e3 pa3sJIOKeHHA, 
* Kum. 93° mpu 5 MM pT. CT., JOBOJbHO Me(JIeEHHO THAPOMM3yeTCA IPH COMmpu- 
(OCHOBeHHM C BO3LYXOM, aHamu3 Ha cepy: Haiigeno 11,75; 11,23%, BprmncmneHoO 
1,57%. 

» Komnaexe SnCla-2(CoHis)2S — GectypeTHad BaA3KaX %*HAKOCTH, 1°) 1,518, 

‘ACTH4HO passaraeTCcA pv Meperonke B BakyyMe, T. KUII. 174—-175° npu 

3 MM pT. CT. Pea 

MouekyaApubie Beca 9TUX KOMIJIeKCOB B OeH30ue (KpHockomuA) CooTBeTCT- 

WVIOT MOHOMEPHbIM WaCTHYHO JMCCOMMMpOBAHHbIM MOJIeKYyJIaM (504 Bmecto 

53 ama mepsoro u 787 BMecto 833 1A BTOporo). 
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VamMepenne JMMObHOPO MOMeHTA BbIeeHHOrO KomieKkca SnCla-2(CaHo)2 
B OCH30NC OGLIMHbIM CrHoco6oM MoKa3aJIo OTKMOHeHHe &€ — C oT NpAMOMHH 
HOM 3ABHCHMOCTH, XapaKkTepHoe JIA MMCCOMMMpPYyIOUMX CoeluHeHHH. Kak 
CNeLOBAIO OKMNLATH, pH AMCCOMMALHA MO Cxeme: i 
SnCly-2 (CyHo)aS <> (CaHo)aS ++ SnCl,y (CyH5)aS, 
nowyueno 3aBblinenHoe (Tab. 1, coequHenue Ne 11) 3Ha4eHHe AMNOJbHOr 
MOMeHTA. 
Tiunonpuptit Moment SnCla-2(Cais)2S, u3mMepeHHbiit B MpHcyTcTBHH OoV 
iM0rO H3ObITKA JHOyTHICyAIbpuwa, T. €. B YCMOBHAX MuAaBeHAn AMCCOMM AL 
(rab. 1, coequnenue Ne 12), oKa3anca OM3KMM K MOMeHTY, HalfeHHomy 1 
MeTOUY ju9IeKTpOMeTpuyeckoro TaTpoBaHHA (3,93 u 4,11 D). 
JA JONONHUTebHOrO NOATBEpK CHUA ShakTa OOpa3s0BaHHA B UCCJe,yemMbl 
cucremax KommeKcoB coctaBa 1:1 Oblo0 mpoBeseHo AH3JIeKTPOMeTpHYeCKO 
TuTpoBayue pactBopa SnCla Kommekcom SnCla-2(C4Ho)2S (coequnenne No 12 
Xo Kpuppix ¢—C wu d—C cpufeTenbcrByeT O HaNHYHH peakIlMH: 
SnClq-2 (CyH9)2S +- SnCly = 2SnClq: (CyH9)oS. 
Haliqennbiii junouwbHbit Moment 6,2 D oka3asca O143KMM JHTOJIbHOM 
mMoMeHTy KomnueKca |: 1. 
Ecum Obl Takand peakiMA He HMesia MeCTa, MbI Ob NOyaMIN NpsAMOHHeH 
HYIO 3aBHCHMOcTb & OT C UW JMMOJIbHbIM MOMeCHT, paBHBI 3,9—4,1 D. 
C Weubio onpeeeHHA NOABYKHOCTH HM 9KBHBAJIeCHTHOCTH MOJIEKYJ JH 
6yrusicyrbpuga B Kommmekce SnCla-2(CaHo)2S Onin npoBeyeHbI OMBITHI 1 
oOmeny ¢c meyenupim S* yu6ytTHacysbdpuyom. Ja stToro HaBecKy KOMMJIeKC 
pacTBOpsWIM B IKBUMOJIAPHOM KOJIMYeCTBeE MedeHOrO uOyTHJICybpusa, 3aTe 
cMecbh OOpd6aTbIBaIH TeTpowJieHHbiM spupoM. BpijeiMBuinics KOMMIeKc nepe 
KPHCTAIH30BbIBAIH U3 TeTpomeHHOrO supa (T. nu. 42°) nH aHamM3HpoBasH H 
cosepKanne paskuoakTHBHOH Ccepbl. Oka3asocb, 4To mpuH 18—20° 3a 10—15 mux 
peakitua OOMeHa JlocTHraeT paBHOBecHs, OOMeHHBaIOTCA O6€ MOJeKYJIbI CYJIb 
(puja. 
Kak YnOMAHYTO BbILe, KOMMIeKCOOOpa3syloulad CnocoOHOCcTb Ccyabduyo 
B 3HAUHTeJIbDHOH Mepe 3aBMCHT OT CTpoeHHA MOJIeKy. Pa3snuaue B noBe,eHH 
JWM-H-OKTH- WU JKM-W30-OKTHJICYIbPUAOB OOyCOBIMBaeTCH, MO-BUAMMOMY 
CTepH4eCKHMH [IpenATCTBYSIMH BO BTOPOM. Pa3siMunsH B NoBeeHHH anda 
THYCCKUX HM APOMATHYECKHX CYJIbDPUOB ONpPeMeIAIOTCH, BEPpOATHO, Pa3JIM4IHO! 
JOHOpHOH Cnoco6HocTbiO aToma cepbl. HenoxenenHaad 3p?-napa 31eKTpOHOB 
OTBCTCTBCHHAA 3a JOHOPHbIe CBOHCTBA aTOMa Cepbl, B apOMaTHYeCKHX coeqn 
HCHHAX B3aHMOMeHCTByeT (HAXOAACbh B BOs6yaxTeHHOM 3 pd-cocTosHuH! 
C M-9ICKTPOHAMH COCeAHAX ATOMOB yrviepowa, 4ero HET B amMcaTuyecKu 
COeC/IMHCHHAX. 
[lo MpedBapuTebHbIM JaHHbIM, THOeH, Tak >»%Ke Kak jJudenuscymEpuy 
He J\aeT KOMIMVICKCOB JOHOpHO-akilenTopHoro Tuna co SnCla. Ou, BeposTHO 
oOpasyer MaONOJApHbIe A-KomnVeKchl. B oTuu4une oT THodeHa, THotbaH BeLe 
ceOA analornuno aikuicyabpuszam. Mutepecno oTMeTHTb, YTO 3aMeHa OMHOP 
aToma XJiopa B SnCla enubHOH Tpynnok 3HaynTebHO CHHKAaeT AKIeNTOPHBI 
cBolictBa. Tpexxmopuctoe eHu00B0 He aeT KOMIIJIEKCOB C JMOYTHJICY Jb 
(pH JIOM. 


PNSHKO-XHMHYeCKHI HHCTHTYT Tlocrynusao 
um. JI. A. Kapmosa 2 III 1961 
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XHMH $1 


M. fT. TOHMKBEPLP uw B. C. IJIbsHOB 


O MPOCTPAHCTBEHHbIX 3ATPYAHEHUAX B PEAKLLUSX 
MEHWYTKHHA 


(11 pedcmaeaeno axademuxom B. A, Kasanccum 6 Il 196] 4) 


B peakiuax Menutytkuna MoviekyJib TpeTH4noro aMHHa M PaslonsaKuA, 
‘oOpasyA aKTHBUpOBAHHbI KomiMIeKC, COMKAIOTCA Ha paccToAHHe, JIMLUIb 
€MHOrO MpeBblilaionlee Awinny cBAsh, N—C. Mexmouexyaapuble palnycni 
aTOMOB (XapakTepusyronlHe Ux CoOcTBeHHbI OObem) ropa3f0 Oosbule KOBa- 
WCHTHLIX, MOITOMY pH OOpasoBaHHH aKTMBUPOBAHHOrO KomIIeKCa npouc- 
XOAMT KaK Obl MPOHHKHOBeHHe OHO MOJIeKYJIbI B JIPyrylo, ConmpoBoxKsaio- 
MkeeCA YMCHbINeCHHeM OObeMa. Baejenne Gopuinx no o6bemy 3amecTuTeveli 
BONM3M PCAKHMOHHDIX HeHTPOB pearupyloulHux MOJIeKYA Jo/UKHO I pHBOJLMTE 
‘K oOaBouHomy yMeHbUeHMIO COOcTBeHHOrO OObeMa TIPM OOPasoBaHHH aKTH- 
BUPOBAHHOrO KOMIIIeKCa BCECTBHE MepeKpPbIBAHHA MEKMOJICKYJAPHbIX (BaH- 
KepBaabcoBbIX) PaHYCOB 9THX 3amecTuTeel C MeXKMOJICKYAAPHbIMH pa- 
AuycaMM aTOMoB BTOpol pearupyouleh mMoseKyuJib1. YMeunburenue coOcTBeHHOro 
o0bema Mpu O6pasoBaHuM aKTHBHpOBaHHOrO KOMiI/IeKCa MOMKeT ObITb BbIdH- 
CNleHO, CC/IM A3BECTHA MOJCIb 9TOFO KOMITIeKCAa WIA anno peakiMn. OpnaKko 
8Ta BENMYMHA ABMACTCA JHIb YaACThIO OOMerO H3MeHeHHA OOLeMa, COMPOBOXK- 
Aaioulero oOpasonanne akTuBupoBannoro KommuleKca (AV *), 

Hapay c u3menenvem coOcrsennoro oGnema, B Besnunny AV* Bxonsr 
MSMeHeHHe CBOOOLHOrO OObeMa TIPM OGpasoBaHHn aKTHBUpPOBAHHOrO KommseKCa, 
@ Tak7Ke H W3MCHeCHHeE OObeMA BCVIEICTBUe pa3HO CO/bBATAILMM UCXOLHBIX 
mace M AKTHBUPOBAHHOrO KOMILMeKCa, CYMMapHoe u3MeHeHMe OOneMa, Co- 
MpoBoxaioulee oOOpasoBanne akTuBupoBaHHoro Kommviekca, AV*, MoxKeT OpITb 
Hakieno Mo 9KCHepHMeHTAIbHbIM LaHHbIM O34BUCMMOCTH KONCTAaHTH CKOpocTH 


p ny. /dink AV’ 
eAKUMH OT JlaBuienun (1): e ——) = — 
¥ Op Je Ri 
poctH peakiMu, x — KosdxpullMeHT u30TepMuyeCKOrO CAKATHA PacTBOpUTes. 
e M. IT. Tounx6epr uA. VW. Kuraiiroposckuit (*) Bpuucaniu u3Menenna coocr- 
‘BeHHOrO OObema MipuoOpasoBanuH aKTHBUPOBaHHoro KomieKca (AiV*) B HeKOTO- 
pbix peakituax MenmyTKuna no nepeKpbiBanuio cep, OMCaHHbIX MexKMOJIeKY- 
WAPHLIMA PasMyCaMH, HW CONOCTABUIN ITH BeJIMYMHbI C IKCHEPMMeHTAIbAbIMU 
AaHHbIMH O BIMAHHM WaBJIeHHA Ha KOHCTAHTHI CKOpocTH peakiuuih. MU3amenenue 
(KOHCTAHTbI CKOpOCTH C flaBJIeHHeM OKa3a/IOCh CHMOATHLIM OTPHILaTe/IbHbIM 
sHayenuam AiV*%, Pe3yabtaret padotni (*) nosBOuAJH CelaTb BbIBOM, 4TO 4UeM 
Wonee MpoOcTpaHCTBeHHO B3aTpyHeHa XHMH4eCKaH peakuMA, Tem Oo/buee 
Ycekopenne Ona JOJMKHA T1peTepneBaTh C NOBbINIeHHeM jlaBJIeHHA, 

_ 6B paGote (?) 6pm ucnowb30BaHbI UMeBIIMeCA B JIMNTepaType MaHHEIe oO 
BIMAHUM JaBleHHA Ha CKOpOCTh HeKOTOpbIxX peakitnh MeniiyTKuHa B pact- 
Bope alleroHa. Hain uccielopanuaA noKa3asu, 4TO OObeMHbIe aqpeKTbI CovIb- 
BaTalun B alleTOHe 3HAYNTeIbHbI TO CpaBiieHHio Cc saddektamMu B JIpyrux 
[pactBoputenax. Tlostomy nam mpelicrap/A0Ch eseCooOpasHbim IpHMeHUTh 
Tako pacTBopuTeib, WIA KOTOporO atu adpeKTbI ObIH Obl MHHUMAJIbHbIMH, 
aMMeHHO—HUTpoObeH307 (°). B nacTonulelt pa6ore MbI UCC IesoBaJIM Take peak- 
wun MeniytKuna, mpocTpancTBeHHad 3aTpyAHeCHHOCTh KOTOpLIX O6ycoBeHa 
JMilb BBEeCHHeM ZamecTuTeel (MeTH/IbUbIX [pyrm) B pearupyioulue MoOJIeKyJbI 
He BJIMACT CYILECTBCHHbIM O6pa30M HaACTpoOeHve AKTHBUPOBAHHOLO KOMITMeKCa. 
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“%, Tie k— KOHCTAHTa CKO- 


Pauee (°) Hamu ObIJIO H3y4eHO BMAHMe JaBJIEHHA Ha CKOPOCTb peaKILHH IIH- 
puna c HOLMCTHIM STHJIOM B HATpOOeHsONe: 


CHs 
<a —— | = 18 CS 
C NN+GHI>< YS C te SEO 
Se N + CoHsJ were ye N pe es oHs5 ; (a) 
H -H 


B nactosleli pa6ote Takoe 2Ke HCCeAOBaHHe ObIIO MpOBeeHO C JBYMA IIpo- 
CTpaHCTBeHHO 3aTpYJHEHHBIMH (110 CpaBHeHHIO C (a)) peakuuamu: 2,6-1yTHAMHAa 
C HOMUCTHIM ITHJIOM 


met iis CHy Loe 
y-——< pa | —< © « © 
Ze a et C 5:5 CORON eee 
een ae waa 28 S Mel 
CH; CH3 . CH 
u 2,6-yTHIWHaA C HOHCTHIM U3O0NpPOmHJIOM 
CNs GHa CHs 
i= ng yon | p< © 
€ NN + (CHs)2 CHI > © N C—— JSC NNCHICH)¢ =F day 
\= =~ Sea ws * eek 
‘CH éay Gee CH. 
Baia HccweqOBaHa TakxKe peaKUMA Y-NHKOMHHaA C HOAUCTHIM ITHJIOM 
CHs 
TN ee Y pea Ne | p<2 me 
CHE - Hid = CHy= Neon @ S22 Capes NG Hs + J: 
Hy <a a) 2H J 3 er ¢ ose 3 pare 2 
H H (r) 


TlocmenHaAaA peakUHA B OTHOWIeCHHH CTepHuecKHX {B3aHMOeHCTBHH He 
OTMMYaNach OT peakiun (a); OHAKO HaIMUMe METHJIbHOM PpyMMbl B MOOKeHHU 
4B spe NHpHAHHa HW3MeHANO NOAAPHOCTB MCXOMHBIX YaCTHIL HM AKTHBUMPO- 
BaHHOrO KOMIL!eKCa. 

IKCNeEPUMEHTANBEHAA DTactis 


CnocoO O4HCTKH, a TakxKe KOHCTAHTbI HOAMCTOTO STHa HM HUTpPOOeHsoa 
mpuBesenbi B padote (°). 93% 2,6-nyTHAMH MoyBeprasicH OWMCTKe Yepes KOM-| 
myieKkc € MOUeBHHOH (‘), KOTOPHIH TBarx Dbl NepeK pHCTaMMH30BbIBaJICA H3 BOAHO- 
ro pacTBopa, 3aTeM pa3JiaraJICA PaCTBOPOM eAKOrO KaJIM MW Tocue THLaTebHOK 
cyllku Haw TBepapim KOH nogpeprasica pasroHke Ha peKTHUKAaLHOHHOHM KO- 


souke sbcdbextuBuoctpio 15 T. T.; T. Kum. 143,9—144,0° (760 mm); nip 1,4977. 

OuncTKa Y-NMKOJIMHA MpousBOsMIach MO MeTOAUKe, OMMCAaHHOM B padoTe 
(°), 1yTeM OOpa30BaHHA ero KOMII€KCa C XJIOPHCTHIM KasIbILMeM; OUHILeCHHbIL 4 
BHICYIMCHHBIH Y -MHKOJIMH TMOBeprasicA pa3sroHke Ha PpeKTHUKaMHOHHOM KO- 


JOHKe YKa3aHHOit BEIMe scpeKTHBHOcTH; T. Kum. 145,1° (760 mM); nip 1,5059. 
Moguctati usonponua ounntaica (°) BCTpAXHBaHHeM ero C MeTaJIH¥YeCKOM 
PTYTbIO JIA yaeHHA HOLA U MOCMeLyIOULeH MPOMbIBKOH BOON UH MocMe CyLIKH 
XJIOPUCTLIM KaJIbIMeM H MeTaJIJIMYeCKHM KaJIbIHeM Pa3rOHAJICA Hal MefbiO Ha 
PeKTHUKALMOHHOH KOJIOHKe yKa3saHHO ac:ppeKTHBHOCTH. Co6upasmach cpak- 
IMA, KuMeBIIad mpu 89,3—89,4° (760 mm). | 
Peakuuav2,6-1yTHAMYHA CHORUCTHM 3TH MOM H3y4alach 
np 50 + 0,1° u qaBnenuax 1,500, 750 1000 xr/em?. B mponecce Kak Zoro ONbI- 
Ta oTOHpasoch 5—6 mpo6 no 15 ma pactBopa B Kaxgou. Meroquka aHasu3a Ont- 
Jia HECKOJIbKO BUJOMSMeHeHa 110 CpaBHeHHIO C NpHMeHeHHOH B padote (°). 15 ma 
mpoObl uccyleqyemoro pactBopa (mpu 20°) BAuBanocbh B JeUTeMbHYIO BOPOHKY, 
cofepKamyio 25 MI WucTHIMpoBaHHon Bogb, 10 Ma OeHsona u 25 Ma neTpo- 
JieHHoro supa. Tlocne MHorokpaTHOrO BCTPAXMBaHHA M paccOeHHA HMXKHUM 
BOJHBIM CIO CJIMBaJICA B KONGY JIA THTPOBaHHA; OCTATOK BHOBb MpOMbIBaJICA 
Boqol (2 pasa no 25 Ma) HM BOLHBI COM TakxKe CMBasCA B KONO JIA TATPO- 
Banus. Ilepen THTpoBaHveM B pacTBOp Ho_MAa AOOaBmsnoch 15 Kane yKCyc- 
HOH KHCJOTHI, YTO yyYMANO ONpeseeHHe JKBUBAEHTHO! TOUKH; KOHIMeHTpalaA 


HOHOB Hoa onpeyetanach THTpoBaHuem 0,01 N pactsopom AgNO; (“3 MuKpo- 
1104 | 


tT oe 


jOpeTKU) B NpHCyTCTBHH HUHAMKaTOpa 303NHa. HauaibHble KOHI[eHTpallHH pe- 
TeCHTOB ObIJIM SKBUMOJIEKYJIApHb! H papnp 0,2 M. Makcumasibuble mpeBpaiile- 
iM B Mpolecce peakwHH He Mpespmmanmm 3%, Tlonyyenbr cmezyioulue pe- 
YJIbTaTHI: 
P, kr/cM® 4 4 4* 500 550 550 750 .750 1000 41060 
M0, m-Momp--mnn! 1,34 1,34 1,22 1,94 2,07 2,12 2,35 2,36 2,70 2,87 
Peakuua 2,6-0yTHAHHAc HOAUCTHM HSONPONHAOM. 
Onpitp! NpoBosuanch npy 85 -+ 0,1° uw zaBaenuax 1,500 u 1000 xr/cm?. Or6op 
M avasus mpoO npoBosusuch Tak xe, KaK HB Csly4ae peakuun 2,6-nyTHAMHA C 
OJMCTLIM STHIOM. JIA MpoBepKH NopsyKa peaKUHH MpH KaKIOM aBJIeHHu 
ONLITHI MPOBOAMJMCh IPH ABYX Pa3JIMUHbIX HavaJIbHbIX KOHWeEHTPalMAX peareH- 
& — 0,21 0,4 M (npu 20°). Tax xax Ham ObINM HeEH3BeCTHBI MJIOTHOCTH HUT- 
o6eH30/1a Tipu 85° HM HCCNeEAOBAHHBIX aBeHHAX, TO pacueT KOHCTAHT CKOPOCTH 
IpOH3BOAHICA Oe3 yueTa M3Me- 
HEHHA KOHIIGHTpalnh c Temme- 
aTypoH WM jaBneHHemM. B stom Koucranrst ckopocru peakin 2,6-1yTHqMHa Cc HOWH- 


Ta6Oauna 1 


enyuae pacuer AV* moxuHo CTHIM w30Nponusom mp 85° (B aA-Momb~t- Mun) 
ipousBoquTB 110 tbopmyuie: 1 Kr/cm? 500 Kr/cm? 100 Kr/cm? 
+ 
(oe) yaa 2 ie 2 
* " ? jay A, x, 

Op /r RT 2 ss z : a . 
: , = g Seis 2 = = a iS 
Tye k’ — KOHCTaHTa CKOpOCTH, - eae es a eae a bey bat ye 
5 § S) Bes gt. SD S) % | 0 © ® 
a7 MO KOHWECHTpa- aT 
IMAM, onpesennempim mpu 20° 0,2| 0,2 | 2,21 | 0,2] 0,4] 3,44 |0,2 | 0,4 | 4,84 

0,2 7 pepe 0,4 0,4 | 3,65 | 0,4 0,4 | 4,87 

MH aTmocdepHom JaBienun. Pe- Ge oa aio Loe) 0.4 3°36 | a ag 


8YJIbTaTbI H3MepeHuH UpuBese- 

HI B ta6n. 1. U3 paccmoTpeHua pe3yJIbTaTOB V3MepeHHi, MpOBeeCHHbIX pH 

‘OMHOM HW TOM 2Ke JaBseHuM, HO MPH Pa3/IMUHbIX HavaJIbHbIX KOHUCHTPallnAXx - 

ICXOMHBIX BeILeECTB, BHJHO, YTO peaKIMA MpoTeKaeT MO BTOPOMY NopAAKy. 
Peaknua yMuKoAuNHA CHOAUCTHM JTHAOM. OnbITbI 


pesyIbTaTEl u3sMepeHHH: 


: P, «r/c? 1 1 250 250 500 500 
» k-10?, a-mMonb~!- mun! 1,87 AST) De PA 2,29 2,69 ayia 


_ B paGote (#°) usMepeHbI KOHCTaHTbI CKOpOCTH STO peaKUMH IPH 40,60 u 
80° u armocdbepHom JaBsieHuu. KoncTaHTa CKOpocTH peaKUMH MIpH 50°, ompeze- 
‘JeHHad HaMM NyTeM MHTepNOMALMM STHX MAHHBIX C MCHOJbSOB2HUEM ypaBHeHua 
‘Appennyca B lorapudmuyeckor (hope, oKa3asacb paBHoni 1,94 -10-? 1 -Moub+- 
MuH-1, YTO YOBMeETBOPHTeMbHO CcoriacyeTcA C TOJyYeHHOM HAMM BeJIMYMHOH. 


O6cyxAeHHe Pe3YAETATOB 


L Ha ocHopaHun pe3ymbTaTOB KMHeTHUeCKUX H3MepeHMli HAMM ObIIM BbIYHCJe- 
HEI 10 ypaBHenuam (1) u (2) BeamunHDt A V* mpm aTMocdepHoM jaBeHHH WA 
H3y4eHHBIX Hamu peakuUHH: 


PeaKkwur 
AV #, cM?/Moub eh elt) AT 2 ae — 24,3 
[AV+—AV+ (a)loxen? cM? /MO1b 0 Pe) — 3,4 = 6,7 = (13, 


Kak BuHO H3 3THX JaHHBIX, lo Mepe yBeIMUeHHA MpOcTpaHCTBeHHOH 3aTpyZ- 
HEHHOCTH peaKUMN BOSpacTaeT H OTPULLATeIbHOe 3HATeHKe AV*.B To xe BpemMa 


* OnbIT MpoHspeyeH C HavaIbHbIMH KOHILeHTpalMaAMM peareHTOB, PaBHbIMH 0,4 M. 
) ** Ham ue ynatocb mposecTH onbiTh! mpH JaBnenusx 750 Kr/cM” HM BbILe; M0-BHAHMOMY, 
B 9THX YCNOBUAX Y-IMKOMHH BbIMaqaeT HB pactBopa HUTPOOeHsONa. 
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BBeeHHe B APO MHpHAWHa MeTHJIbHOM Frpynnbl B NMomoxKeHHe 4, XOTA 
M BJIMAeT Ha KOHCTAHTY CKOpOCTH peakHHU (yBeIMuHBaA ee MpHOMH3HTeMbHO 


BIBOe), HO IIpaKTHYeCKH He CKa3bIBaeTCA Ha BeAMYMHE AV”. Sto o6cTOATebCTBON 


NOSBOJIAeT MpeMNOIOKUTb, YTO BeMYMHa [AV™ — AV* |,)] MoxeT cy2KUTB 
XapaKTepHCTHKOM MpOCTpaHCTBeHHOM 3aTpYJHEHHOCTH W3yYeHHbIX HAMH peak 
muh. Mbt comocTaBHJid HalJeHHble B HaCTOsAMeH paOoTe IKCMHepHMeHTaJIbHbe 
3HayeHua 1AV* — AV* (a) loxen € BBIYHCJICHHBIMH NO MOJeH AKTHBHPOBaHHOrO 
KoMnuiekca pasnoctamu [AWV* — AW™ (aylpacue OOuMii IpMHUMN Takoro pac 
yeTa omHcaH B padoTe (*). He ocTaHaBJMBaACb Ha JeTaJIAX MpPOBee@HHbIX BbIYHC+) 
JI@HHi, OTMeCTHM JIMIb, YTO MBI IPHHAJIM B AKTHBHpOBaHHOM KOMMJJeKce Mex-\ 
aTOMHble paccrosHua N——-—C un C——-—J, na 10% npeppnmlaromue aan 
HbI COOTBETCTBYIOWUX CBA3eH ("). AKTHBHpOBaHHbIH KOMIWIe€KC OPHeHTHpoBaJca 
B JleKapTOBOH CHCTeMe KOOPAMHAT, Nocse Yero ONpedeMAAMCh KOOPAMHATHI CTE 
plyecKH B3aNMOJeHCTBYIOMMMX ATOMOB H Irpylill *; 3TH KOOPAMHATHI HCHOMb30- 
BaIHCb JIA pacdeTa COOTBETCTBYIONIUX YMeHbIWeHHH OObeMa pH OOpasoBaHHH 
aKTHRBUpOBaHHOrO Komiekca. IIpH pacueTe Obl NpHHATHI Clemyrollve BeJH- 
4YHHbI MeXKMOJIeKYJIAPHbIX pawuycoB R WM MH cBA3eH f (B aHTCTpeMax): 
Ry = 1,17, Rn = 1,57, Re = 1,80, Rew, = 2,00; Ry = 2,10; rnc = 1,47 Al 
(anuat.), ‘nc = 1,87 (B THpHazMHOBOM UHKuJe), Fc_c = 1,54, rc_y = 2,10,] 
rc_y = 1,10. Pesynetats: pacuera Benvavnn [AWV™ — AW™ (alpaca MpHBe-| 
NeHbI HIDKe. 


Peaxnua a 6 B P 


[AWV=—AV 7 (aylaaea: cm? /Molp: O —d,7 —-11,5 0 


Mb BUM, 4TO BHIMMCJIeHHbIe HO MOJeH aKTHBApoBaHHOrO KOMIIeKCa| 
pasHocTH [AiV" — AV" (ayIpacu CHMOaTHEI HaliJ@HHbIM 9KCHepHMeHTasbHO 
pa3Hoctam LAV~ — AY Tey ee IpHueM BeJIHYMHbI NOCMeEIHUX WIA npoerpan-| 
CTBCHHO-3aTPyHCHHBIX peakIHii (6) M (B) MeHbIWe pacueTHHIxX. Sto pasauune| 
MOXKET ObITh CBA3AHO Kak C HETOUHOCTHIO HCXOMHBIX JAHHBIX IPM MOCTpOeHHU Mo-| 
AeM AKTHBMpOBaHHOrO KOMIJeKCa, TaK H C MpocTpaHcTBeHHoli 3aTpYAHeH-| 
HOCTbIO eFO COJIbBaTAalUH. 

PesybTaTbI HaCTOAMel paOoTb MOSBOAAIOT BbICKa3aTb MpequvosoxKeHe, YTO| 


pasnoctb AV* — AVF (rye AV; oTHocuTcs K HaWMeHee MpocTpaHcTBeHHO 3a- 
TpYAHeHHOH peakUWH, MpHHATOM 3a CTaHapT) MOXKeT CJyKUTb MepoH Mpoct- 
PaHCTBCHHOW 3aTpYAHEHHOCTH OJHOTHMHBIX XMMMYeCKHX peakuul. TlogTBepx-! 
ACH CileJlaHHbli panee (*) BbIBOL, YTO YeM Ooee MpocTpaHcTBeHHO 3aTpyAHeHa 
XHMH4eCKad peaKUMA, TeM OO/bIee yCKOpeHHe OHa peTepMepaeT Cc MOBBIIIIe- 
HHCM JaBJleHuad. Takum o0pa30M, HpHMeHeHHe BbICOKOFO AaBsleHHA OTKpHIBAeT] 
HOBbI€ Tl€pCleKTHBbI BO3qeHCTBAA Ha CTPyKTYPHY!IO H TpocTpaHcTBeHHy10 Ha- 
MpaBJIeHHOCTb XMMHYeCKHX peakHit. 


MuctutytT opranuueckoit xumuu um. H. J. 3emuucKkoro Tlocrynu10 
Axajlemun HaykK CCCP 28 I 1961 
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* 
TIpHuuMasoch, YTo OOpas0BaHHe aKTHBHPOBaHHOTO KOMMVeKCa He ConpoBoxKAaeTca 113 
MCHCHHeM BaJICHTHEIX yrvlioB CH3 —C—N B momnexye 2,6-n1yTuauHAa. 
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Jloxkaann Axkanemun HayK CCCP 
1961. Tom 138, Ni 5 


XHMH $1 


H. . JOKYPHHCKAS, B. ® MHPOHOB 
MH uiueH-KOppecnoHjent AH CCCP A. JJ. NETPOB 
NPHCOENMHEHWE TEPMAHHAPUAPMAOB K HEMNPEEJIbHbIM 
COEJMHEHH SAM 
B mpeabilymiux pa6otax (1, *) mpi BnepBple ycraHoBun, uTO HGeCl, serko 


_Mpucoeduaaetca 6e3 Kakoli MOO akTuBalLuM M 6e3 KaTAaNM3aTOPOB MpaKTH- 
eCKM K JOObIM HeMpeleIbHbIM CoeMHeHHAM 


se HL ol ad 
ClsGeH +C=C ClsGeC — CH, 
i stl 


_MbI PHU. NO3sTOMy K 3akJNO¥eHMIO, YTO HGeCls Gouee peakiMoHHOCNocobeH 
B 3TOH peakwuu, 4em HSiCls, npucoequnenne KoToporo mpoxog_uT aMmb B 
“MPHCYTCTBUH KaTaIM3aTOpPOR UB Gomee YKECTKHX YCJIOBUAX. 

_ 8B uwactosmjem uccaeqopanun MbI poser npucoequnenne HGeCls ene 
‘K pay, HeMmpeqeibHbIx coequHenuh (cm. Ta6a. 1). Tlonyuenue stTum merToyom, 


iT, AsO Migs 


3 


, 


t : MRp 

& Et Pe s6 20 20 — |Barxon, 
Mcxoquoe coequnenue|IlonyyenHHoe coequnenne* | & So np a; of 
| mf yp ‘ Haliz./BbMuuCcH. A 

Fo | Qa | 

a | 

CH,—CHCH, Cl,GeCH,CH,CH, 163,5 | 756 {41,4749 | 41,5446 | 44,27] 40,47 85 
#H,—CHO,CCH, Cl;GeCH,CH,OOCCH; 97 15 |1,4868 | 41,5923 | 48,02] 46,57 57 
€l,GeCH,CH—CH, Cl,GeCH,CH,CH,GeCl, A230 Sit cote ee pestis 20) 0° — 65 
<H,—CHCH=CH, Cl;GeCH,—CH==CHCHs; 177 759 |4,5080 | 41,5127 | 46,12} 44,34 64 
“,H;C=CH ClsGeCH=CHC,H,; 446—148} 16 |1,5833 | 41,5328 | 61,53] 59,45 43,5 
— 

: a? G1,GeC,H, aon 44° 14,5270 | 1,5327 | 49,35] 46,94 58 
Cl,C=CH, C1,GeCH,—CHCl,** 74 10 |1,5176 | 1,8166 | 46,14 | 45,30 62 
CH,CH,CH= CH, Cl;GeCH,CH,CH,CH, 182 | 737 |1,4780 1,4520 | 46,03 | 44,82 75 
'G.H,CH = CH, Cl; GeCH.CH;C,H, 132 10 }1,5550 1,4816 | 61,55} 61,60 30 

c * Bee NpHBeweHHbIe COeAMHEHUA NOKASLIBAlOT MPU THTPOBaHUH (2) TeoperMuecKOe KOMMUECTRO XwvIO- | 


‘pay Ge. 
f ** OTTHTPOBBIBaeT 4eTbIpe aTOMa xopa. 


Hanpumep, 4-C,H,GeCl, snayuTenbHo yoOuee, 4eM «np sAMOli» HH MarHuvopranu- 
eCKHH CHHTe3bI STOrO coequHeHuaA (%). TpuxaoprepmMaH 2Hepru4uHO mpncoe- 
AMHsAeTC: K WMKJONeHTaqHeHy, B TO BpeMHA Kak MpHcoequHeHue Kk TOCeL- 
Hemy TpUXOpchlaHa axe B nmpucyTcTBHM HePtC], wu mpu KunAYeHHH Ham 
OCYIICCTBUTb He yylaslocb. 

' Jif OWeHKH OTHOCHTebHOM peaKUHOHHOM CnocoOHOCTH HHBIX THApHAos, 
gem C],MH, mpl nowyaunu (C,H;),;MH (*, 5) (rae M = Si, Ge u Sn) mytem zoc- 
eTanopnenus LiAIH, cooTBetcTByromux (C,H;);MHal. 

Tlonpirka cuute3a (C2Hs)sGeH geiicrauem C2HsMgBr ua ClsGeH OKOHUH- 
Wacb HeyauHO, OOpa30BasicA B OCHOBHOM (C2Hs5)sGe, B To Bpemsa Kak (C2Hs5)3SiH 
HomyyaeTcaA anasiOrH4uHbIM MYTeM C BbICOKHM BbIXOJIOM. 

Mutepecho ormetutb, uTo oOpadoTKa (C2Hs)sMH. ofHoHopMaabHBIM cnup- 
TOBLIM pacrBsopom KOH npu 20° B npuGope LepesutTunosa npuBesa kK Kovu- 

CTBCHHOMY BbIJeJICEHHIO BOJOpOJa TOJIbKO Y KpeMHeBOFO MH OJIOBAHHOTO Tuj- 
Mop (mocnequui Bpilentin He Opictpee). Tpustuurepman COBeplIeHHO He 
CNHI BOAOpOA Wake Mp MosHATHM TemmepatypH Zo 80°. B To xe Bpema 
Tb JlaHHble (°), ato SnHa u GeHa, B oTsuune ot SiHa, He pearupyioT ¢c BOL- 
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Holi wyenounio. Bee tpu ruapuga (C2Hs)sMH mpucoeauuswotca K nponapru- 
JOBOMY CIMpTy MH akpouenHy. TpuaTHJIcTaHHaH IIpHcoeqMHAeTCA K 39THM CO- 
eMHCHMAM Upe3BbIualHO OypHO, M BbIIeIMTh Kakve-HOO HHAMBULyaIbuple 
BeILeCTBA HAM He yJlalocb: OOpa3syloTCH HCKHOUMTeIbHO NOMMMepHI. Tpustus- 
repMaH, HaNPOTHB, IpHcoeqMHAeTCA K MIpomaprusOBOMY CIIMPTY JIMUIb C Ka- 
tanusatopom (HePtCl,), T. e. Tak »#xe, Kak M (CeHs)sSiH (”): 


(CoH;)sGeH + HC = CH,OH — (C)Hs)sGeCH = CHCH,OH. 


Pasnuune mexay (CeHs)sGeH u (CeHs)sSiH ynanocb ycTaHOBHTb JMUIb T1pH 
UX B3aHMOJeliCTBHH C aNJHAOBLIM cnuptom. Ecau TpusTHicHaH oOpasyer 
pH 93TOM HCKJIOYHTEIbHO aJIMMOKCHTpHsTHACHIAaH (°): 


To (C2H,)sGeH npucoequHAetTcaA yxKe TO KpaTHOH CBHA3H: : 
CH, = CHCH;0H - (C.H5)sGeH —. (CgHs)3GeCH2CH2CH.OH. 


IIpucoeyquHenue 9THX ABYX THAPUAOB K akpowewHy Takxe npoTeKaeT 110 
PasIMYHbIM PeAKILMOHHbIM WeHTpam. Tpwstwacuman, Kak u3pectHo (°), mpuco- 
CVHHHAe€TCH B TOJIOAKECHHE (Ar 

~p 
(Cp) StH, cHCy S(GHaSiOCH SiCHCHe 
H 


Mp noptopHin onpit JIec6pe u Catxe ("°) u yOennuiucb, 4TO TpusTHIrepMaH 
NpHcoeqMHAeTCA K akpoOJleHHY C OOJIbINMM TpYNOM, JeHcTBUTeIbHO OOpasys, 
BepOATHO, COOTBETCTBYIOMIMH ablerua (MOXOH aHaNW3, HO W.-K. CMeKTpbI 
OTMe¥aIOT HaIM4YHe asbleruqHOH Tpynwnbl.) 

CuntTes jipyrux TepMaHulopraHMyecKkux Kap6o3aMelleHHbIX CUpTOB MbI 
OCYILECTBHIH MO C/IeLyIOUMM CxeMaM: 


HG CH,MgCl 


— 


eCl, 
CH, = CH (CH), 0sCCHs ——— ClGeCHsCHs(CH2), OxCCH, 
x? (CH3)3Ge (CH2) ,CH2,CH,OH (rme i= 0, ie 
(CHs)s GeBr 


RMgX 
CH = CCH,OH ——-» XMgC = CCH.OMgX — (CsH;)sGeC' = CCHOH) 


H,0 

Hi, HaKOHell, UCXO[s U3 aNNHATPHMeTMIrepMaHa, MbI Homyauau TepBbIi mpey-. 
CTaBUTeIb TepMaHHHOprannuecKUX MepKalTaHOB, KOTOPHIli, OKasamocb, erKo 
ItHaHSTHJIApyeTca. 

HS OCGH NaOH 
ae (CH3)3GeCH2CH,CH,SOCCH3 . 
: CH, = CHCN . 
— (CH3)3GeCH,CHxCH,SH —————-> (CH)sGeCHyCHsCH»SCHsCH,CN. 
CBOHCTBa MOJYYeHHBIX COeIMHeHHIt MpeAcTaBJIeHbl B TaGwW. 2. 
CrieKTpbl KOMOMHaNMOHHOrO paccesHA cBeTa (K. p. c.) cuatr JI. A. Jletitec. 


> 


(CH3)3GeCH2.CH — CH, 


IKCcMTePpHMeHTANbHAA Hf d- CD b 


IIponuatpuxaoprepman_ 4#-CsH7GeCls. Yepes 116 r Tpa- 

xjoprepmana (c ~30% GeCla) (4) mponyckaJiv B TeyeHue 4 Yac. TOK MIpomHvena. 
Ha6mozaocp CaMopasorpeBanHe fo ~50°. Tlocnme oxaaxyeHua cojepxKu- 
Moe KowlObI HOorpeBanu Ha mAUTKe mpH ~90° B Teyenne 2 yac. Ip Henpe- 
PBIBHOM Toke mponniena. Ileperonkoli Ha KOOHKe BbIqeneHo 38 r GeCly| 
T. Kum. 83° nu 8lr MpOnwITpAxJoprepMana T. Kum. 163,5°. Burxog 85% nal 
YHCTHIT TPHXJOprepman. 
__ Cmextp k. p. c., Av B cm?:147(9m), 173(9), 190(0), 255(5u1), 303(7), 342(2), 
384(8), 419(10), 429(7ou1), 589(6), 663(8), 756(0), 801(0), 877(2), 897(0), 1029(5), 
1071(8), 1105(1), 1143(1m), 1170(1), 1190(7), 1211(2), 1248(0), 1300(1a8), 
1343(2), 1389(1), 1410(2), 1452(6u), 1481(1), 2875(9), 2914(9), 2937(9), 2971(7). 
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B-(Tpux10oprepM#h il)- 
stunanetat ClsGeCH2CH202 
CCHs. K 27r BunuvialeTata npu 
“pasmMemuBannn joOaBinnud 54 r 
TpuxioprepMana (*) ¢ Takol 
CKopocTb1o, YTOOD! TemmepaTypa 
CMeCH He HOfHUMaJacb Bple 70°. 
BakyyMHOM NeperoHKOl BbIeeHO 
, 32 rClsGeCH2CH202CCHs, T. kun. 
97—98° npu 15 mM. Bprxoy 57%. 
i Anagoruunbim o6pa30m Mosy- 
“wash TIpHBelenuble B TAO. 
ocTaJibHble repMaHuiopranuue- 
ckue CoeiMHeHHsA. 

B-(T puMeTHATepMUN)-9Ta- 
~uow  (CHs)sGeCH2CH20H. K 
AS CHsMgCl, nonysennomy u3 35 r 
Me, B 0,6 1 xpupa qoGasuin 487 
i B-(TpuxXJOprepMMI) -9THIaleTaTa. 
| Tloce uacoporo Kun AYeHHA Cosep- 

“wKUMOe KoONOH pasioxun 10% 
} HCl. Dchupupii coh u sxpupHple 
_ BLITHKKM U3 BOLHOTO C/IOA BbICy- 
yuan NazSOs. Tleperonkow moi 
Bak Y YMOM BbIeJIeEHO gant 
(CHs)sGeCH2CH2OH c 7. kun. 48° 
op 10 mo. 

Cnéerp kK. p. ¢., Av Bem”: 
 150(2u1),  195(7om),  281(2u), 
 559(10), 604(8ur), 585(3), 1051(1), 
1086(0), 1242(4m),  1416(1m), 
1461(2um), 2864(1im), 2915(9u), 
2975(9un). 

Ananormuno 8 Obl = Moyen 
_y-(rTpuMeTHuirepMuu)-mponaHoul M3 

y-(TpuxloprepMM)- MpomHMatera- 
Ta 


=e 


_~ "> 


y-(T pus Tu arepMua)-mpo- 
Nauvoo (C2Hs) 3GeCH2CH2CH20H . 
Cmecb, cocTosman u3 18 9r anin- 
noporo cnupta, 20 r (CeHs)sGeH 
Mv jiBpyx Kaneb 0,1 N pactBopa 
HePtCl,-6H2O0 B u3s0mpomusioBoM 
cnupte HarpeBanu mpH ~90° B 
revenue 4 uac. BakyyMublli 
meperonkoli _ Bbijeweno =. 24 Fr 
(C2Hs)sGeCH2CH2CH20H, T. kun. 

—89—90° np 3 mM. Brrxoy 73%. 

y-(TpuaTHATepMH I) - 
alIuHIOBHH cnUuptT 
(C2Hs)sGeCH = CHCH20H. B ye- 
 MOBHAX TMpelbllyulero OMbiTa u3 

12 r mponaprumoBoro CiMpTa, 
18 r (C2Hs)sGeH u 2—3 Kaneb 
KaTamu3atopa onyseno l6rT 
(C2Hs)sGeCH =CHCH208H, T. kum. 
112—113° np 12 mm. Bupxor 

37%. 
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Cnextp x. p.c., Av B cm’?: 173(10), 293(8), 491(1), 526\4), 049(10un), 
583(10ur), 921(1),979(5), 1024(4ur), 1088(0), 1104(4), 1168(1), '226(10), 1251(1), 
1302(4), 1384(0), 1408(1), 1432(2), 1463(6), 1621(4), 2829(1), 2878(9), 2910(10), 
2933(8), 2961(8). 

y(TpuaTHaArepMUdA)-MponapruaoBin nh CNUpT 
(CeHs)sGeC = CCH2OH. K CeHsMgBr, noyuenHomy 8 0,3 a1 supa u3 25 r 
Mg u 120 r 6pomuctoro stTua, LoOOaBuM 20 T MponapruJOBOrO CnupTa, a 4epes 
5 uac. 70 r (CeHs)sGeBr. Cogepxxumoe Kov1ObI mocie 2 4ac. KANAYEHHA pasvio- 
aunn 10% HCl. Hocse o6pranprx o6paGotok BpiiceHo 15 r (CaHs)aGe u 42 r 
(CeHs)sGeC = CCH2OH c Tt. kun. 111—2° npn 9 mm. Buixog 67%. 

y-(T puMeTHarepMHa)-1po nna THOaletat (CHs)sGeCHsCH2CH2SOCCHs. 
Tlo6apsenne 20 rTHoyKcycHo KuCOTHI K 16 fF aIHITpHMeTHIrepMana COMpoBo- 
2K aslocb CaMopasorpeBaHHem cmecH. [locue romysacoBoro HarpeBaHHA STO CMe- 
cu mpu50° BakyyMHOli Meperoukoli BEIZemeHo 22 rT (CH3)sGeCH2zCHsCH2SOCCH,, 
T. kun. 90—91° npn 7 mM. Beixog 94%, 

y-TuoanponuatpumMeTuarepMan  (CHs)sGeCH2CHsCHeSH. 
Kk pactsopy 5 r NaOH B 25 Ma boabt uw 12 Ma cuupta goOaBunu 18 r y-(TpH- 
MeTHJIPep MH) -IIpomuITHOalleTaTa. QireprHuHoe pasMelIMBaHHe HW KMMAYeHHe B 
aTMoctbepe a30Ta CodepxKHMOrO KOJIOb! MWposomKaiH 3 yaca. SaTem opraHuye- 
CKHi CIOH OTJeIAAM OT BOAHOFO, MoceHHH 9KCTparupoBasu Iupom. Ilocae 
ocyumku NaeSO4 BakyyMHOH MeperoHKkoH BbIgemeHo 10r (CHs)sGeCH2CHeCH.SH, 
T. KH. 54—55° npw 8 mm. Brrxoy 68%. 

B-(y-(T puHMeTHATeEpMHN-TNpPpONnHAMePKANTO)-NpOnuo- 
HHTpuA (CHs)sGeCHsCHeCHeSCH2CHsCN. K 9 r y-THOANpomHATpuMe- 
THJrepMaHa JoOaBuin 1—2 KalluIM pacTBOpa MeTHJIaTa HaTpHA B MeTHJIOBOM 
cmMpte, HM Jaulee IpHOaBsieHHe 5 fr aKpHJIOHHTpHa MpOBOAMAH C TaKOH CKO- 
pocTbio, YTOObI TeMilepaTypa He MOAHUMasacb BEIte ~ 70°. JTanee xHAKOCTb 
MpoMpipatH ca6oh HCl, cymman CaCle uw pasronamu. Tlomyueno 6 r 
(CHs)sGe (CH2)sSCH2CHeCN, tT. Kun. 144—46° npu 8 mm. Bprxog 45%. 


Mucruty? opranuuecko xumuu um. H. JI. 3emuuckoro Tloctymuio 
AxayemuH Hayk CCCP 22 II 1961 
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Aokaaas Akagemun nayrxr CCCP 
1961, Tom 138, Ni 5 | 


XHMH fl 


Bb. A. JOFAKHH wu H. H. MABJIOB 


TEPMH4YECK OE PA3SJIOKEHWE JHO®EHWJITYAHW WHA 
M B3AHMOJEMCTBHE EFO C CEPOH MPH TEMMEPATYPE 
BY JIKAHH3ALLNH 


(II pedcmaeaeno axademuxom A, A. Baaandunoim 28 | 1961) 


| Audenwsryanugun (LOT) asaserca OJHHM H3 HaMOoulee pacnpocTpaHcHHblx 
ge ed BYJIKaHU3alHu, OOeCHeYHBaIOIHX BEICOKHe THHAaMuyeCKHe CBOit- 

Ba ByJIKaHu3aTOB. Mexjly Tem MexaHusm yeiictaua JIOT yo nactosmero Bpe- 
| os He BbIACHeH. B cBa3H C STM IIpesCTaBAMO HHTepec paccMoTpeTb mporecc 
REPMHYECKOrO pasoKeHuA JLOT B temnepatypHblx ycOBuAX ByKaHH3aluH 
HM UCCI€NOBaTb peakILMIO ero c cepoit. 

Pasmoxenne A®’ ep pacnaase. [pu narpenanun OF npn 
140° 8 cpeze aproua, KaK OxII0 yCTaHOBJIeHO paHee (1), HaGmORaeTCA BbIeNe- 
ie aMMHaKa HM MPOMCXOANT OOpasoBaHve aHHMHa, TeTpacbeHHMenamMuHa H 
H€SHAYHTCJIBHBIX KOJIMYeCTB TpueHuUKapOamuya. Bryenenue aMMuaka cTa- 
HOBUTCA 3aMeTHbIM mp 136°, T. e. mpH Temnepatype ByAKaHUsalHMHn (puc. 1). 


MOJ1b/MONb 


Q 30 60 120 160 240 300 S60MUK 


Puc. 1. Bawanwe Temmepatypbl Ha KHHeTHKy oOpa- 
30BaHHA aMMHaKa pu pa3slomwenHH JIOT, 7 — 136°, 
2,— 145°, 3 — 157°, 4— 170°, 5 — 180° 


5 
j 
[pu 136 u 145° o6pasopaHne ammuaka ujeT Cc nocTosHHoli CKOPOCTbIO; B TeM- 
epaTypHoM uHTepBae 157—180° mpomecc onucHIBaeTcaA ypaBHeHHeM peakunii 
pporo nopaaka. Kaakynaica sHeprusd akTHBallMM mpomecca OOpasoBaHHA aM- 
Maka JIA YKaSaHHbIX Tpex TemMepatTyp paBHa 25,7 kKauJI. IkKcnepHMeHTALHBIE 
@HHble MOKasbiBaloT, 4TO 3a 30 MuH. mpH 140° pacnagaetca npumepHo 50% 
3aToro  ycKoputena. IIpm ucceqopaHuu BysKaHu3alluM HaTypasb- 
Oro Kay4ykKa Obi0 ycTaHopvieno (*), uro noTtepx JOT x 30 mun. Bymkann3a- 
uu coctaBua 40%, a K 90 mun.— oxouo 50%, mpuuem Ha CKOpocTb pacxoga 
I cymectBenHoe BAMAHHe OKAasbIBaeT HaIHUHe B CHCTeMe OKHCH ILHHKa. 
/Pasnoxeune JOP Bs pactTsBope. B xkauectBe pactBopuTeseii Opin 
s1Op abl BLICOKOKHMALIHe yreBOLOPOAbI C Pa3sJIMYHbIMH LMMOJILHBIMH MOMeHTaMH 
7 1144 
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Keno 0,62, uszonponusiGeHso 0,65, ruiuuepHH 2,96). Pas1og, 
0° B ToKe aproHa B TeyeHue 5—6 ac. Kak BUANG 
M3 puc. 2, XapakTep KHHeTH4eCKUX KPHBbIX OOpas0BaHUs AMMHaKAa PW paso} 
*KeHUM YCKOPHTeJA B pacTBOpe H pacmTaBe aHasioruyeH. CymlecTBeHHOrO BUI 
AHHA PaCTBOPHTeJelH Ha CKOPOCTb oOpa30BaHua aMMuaka (B 3aBMCHMOCTH O01 


WMMObHOFO MOMeHTA) B HavaJIbHO CTaqMM peaKIMU HE o6HapyxeuHo. IlocnenHedy 
. MOXKeT CJIYKHTb KOCBEHHBIM ykKa3aq 


HHe€M Ha BO3MOxKHOCTh MpOTeKaHisy 
paslOKeHuaA WO TOMOJHTHYCCKOMY§ 
mMexanusmy. Pasnoxenne LOT 8 Keny 
JIOIbHOM pacTBOpe Kay4yKa M03B0% 
aiseT CilelaTb BbIBOA 06° OTCYTCTBHH 
B3auMogelictpuan JOT u mpomexy# 
TOUHBIX IPpOAYKTOB ero pacmaya Cc 10 
JIMMepHBIMH MosleKylamu. Kovrmue-§ 
CTBO OOpasyoulerocsA B aHHOM CJly§ 
yae aMMHaka JOCTATOUHO XOPOLIO 
copnagzaeT C J[aHHbIMH, MOJyueHHbI- 
MM IPH pa3sJiOwKeHHH YCKOPHTeJA B 
uHCTOM KcHuJlone (puc. 2). Ilo jan- 
HbIM H3Me€peHHA BASKOCTH JJIMTCJIb- 
Hbiii IpOrpeB pacTBOpOB Kay4ykKa pHi 
140° copmectuo c JL®I TakKe He 
BbIZSbIBACT CKOJIbKO-HHOYIb 34MeTHBIX§ 
0 60 120. 180 240 mun CTPyYKTYPHbIX H3MeHeHHH MomMMepaf 

Puc, 2. Bavanve pacTBopuTemeH Ha KHHeTHKy — sae Dea eae APT | 
c cepok. Peakuuva NpoBoqusach 


oOpasopanHua ammuaka up 140°. 1 — o-Kcunon, 
2 —vsonponmi6enson, 3 —uaprammu, 4— B O-KCHJIose, MpHdeM COOTHOINCHHE 


rauyepun, 5 — pacrsop KayyyKa B o-KCHome YCKOPHUTeJIb —_ cepa MeHAJIOCb O 

1:0,25 no 1:4. Peakyuua conmpo-§ 
BOK[AeTCA OOPasoBaHHeM CMOJIONOJOOHKIX HeeTYYMX MpOAyYKTOB M BbIIe- 
meuvem ceposogopona. IIpomecc user c mocTosHHOM CKOPOCTbIO TOMbKO 
B cCjJy¥ae MOJMpHOTO COOTHOWIeHHA ycKopuTetb—cepa (puc. 3, I)4 


YMenbUIeHHe KOHMeHTpalHl BBOLUMOH cepp fo 0,25 — 0,5 moma Ha | MOUIb 


(Haptannn 0, 
*KeHHe MpoBoyusoch mpu 14 


MONb/MONb 


180 240 


Puc. 3. Bunanue otuomtenna J[®T: S na KuneTHKy 
o6pasopanux HeS B o-Kcunome mupu 140°. 7 — 1:1, 
2—2:1, 3 — 1:4, 4— 1:0,25 


yCKOpUTeA MpHBOLUT K NOABJIEHHIO MHZYKUMOHHOTO Tepvoya (KpHBbIe 2 4), 
loppiiieHve KOHIeHTpalun cepbl Ao 4 Mosel Ha 1 Momb JL®T cymlecTBeHHO} 
MeHseT (POpMy KHHeETHYeCKOH KPHBOH OOpas0BaHHA CepoBosoposa (KpuBas 3), 
Haavune wHyKUMOHHOrO TepHoqa Ha KMHeTHYeCKHX KPHBbIX OOpasoBaHual 
cepoBooposa, MO-BHMMOMYy, MOXHO CBA3ATb C OOpa3s0BaHHeM COJI€BbIX KOM- 
nuiekcosp Tula CisHisNs-HeS, MockouIbKy B HavaIbHOH craqMn peak B cH- 
cTeMe HaXOMMTCA U3ObITOK HepasomuBUeroca TPIT. C yBemuaeHveM KOHUeH-| 
TpallMH Cepbl paBHOBecHe peakWMH OOpasoBaHHA UH paciaya coeoOpasHoro 
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MITJIEKCAa CMellaeTCA B CTOPOHY BbIXONa OOJIbIIHX KOJHYeCTB CBOOOAHOFO 


poBogopoya. Hmxke mpuBoxATcH Jannble, XapakTepHsyiollMe BEIXO, cepo- 
OpoAa B SKBUBAJIEHTe OT BBEJeHHOII CepHt: 


Coornomtenne JJDI : cepa, mou. Jlona ceppt B Bue HS or ucxogH. 


Leo 0, 00295 
.- 1:0,5 000209 
: a 0,00137 
} 1:4,0 0,0007 


M3 9THX WaHHBIX CieqyeT, 4TO Ha OSpaz0zanue | Mona cepoBofopoa pac- 
conyetca 2 moun OY. 
\ Hesetryuve mpoxyKTbl peakilHu JeMIMCcb C MOMOLLbIO XpomaTorpadpupoBanug 


mMecH Ha OKMCH atioMHnua. Orfetbuble (paki BBINeMeHHBIX KpHcTamau- 
} 


220 250 500 350 400 450 500 550 b00mkL 


Puc. 4. Yantpatuosetosple cneKTpbl MorsoueHHa mpoxyKTos peakunu JJOT c 
cepoi mpu 140°. Homepa KpHBbIx cooTBercTByiOT (paKUHAM, NOTyYeHHBIM mpH 
XpomatorpadupoBaHHH cMecH 


“™ + 


€CKUX HW CMOJONOOOHBIX IpOAYKTOB NocwIe COOTBETCTBYIOINeH OUHCTKH HCcJe- 
OBaJIUCb CHeKTpaIbHO B HHpakpacHolt MH yAbTpaduoeToBOl OONACTAX cieK- 
pa. Iloqpo6Hoe ToKoBaHHe MOJyYeHHbIX CMeKTpOB B MNdpakpacHoli o6sacTHu 
CMOKHACTCA B CBA3H C OTCYTCTBHEM JOCTATOYHO HaeKHIX JAHHbIX OTHO- 
‘ATeJIbHO MOJOKeHAA NOJIOC MOTOWeHHA JIA apOMaTH4YeCKHX AMHHOB H UX 
OH3BOJHBIX. Kpome Toro, HHTeplpeTaluA XapakTepHcTH¥eCKHX TMosoc AWA 
asu N — H Bo BTopH4HbIxX apoMaTH4eCKHX aMHHAaX 3aTpyAHeHa, MOCKOJbKy 
STON OOMACTH HAXOAATCA NONMOCHI NOFOUeHHA, OOYCIOBEHHbIe BaJleHTHbIMH 
DeOaHHaAMM cBa3H C —C B wukae. PaccmoTpeHue cileKTpoB Morsmoulenua 
y.-. oOacTH NO3sBOAeT CleMaTb BLIBOL O HaJIHUHH B HCCeqyeMbIX CoeqH- 
SHUAX CepycosepxallM4xX LTpynuHpoBoK. XapakTep CIeKTPabHbIX KPHBBIX 
STOH OOMACTH ClieKTpa aHaJIOrHYeH CNeKTPaJbHbIM KPHBbIM, MOJIYYeHHEIM pa3- 
A4HbIMH aBTOPaMH IIpH Hcc/eOBaHHH HU3KOMOJICKYJIAPHbIX JIMHEHHbIX Cy JIb- 
wos (pic. 4). Hamuve JoBoJIbHO YeTKHX MaKCHMYMOB MOPJIOMNeHHA B OOaCTH 
}O — 380 Mp MoxeT ObITb OTHECeHO 3a CUeT IIPHCyYTCTBHA B HccuIelyemoli cMecu 
AHeHHbIX MOJMCyAbpUoB, cofepxKawlux oT 2 Zo 5 aTomoB cepbl. Hamuune 
WIOCHI MOPOULeHHA B H.-K. clleKTpe nipu 1480 — 1490 cm w npu 590 — 620 mp 
.p. ClleKTpe MOxKeT ObITh OTHECeHO 3a c¥eT rpynnb C = S. Ilormomjenne 
1335 — 1355 cm, no-BuquMomy, o6ycoBsIeHO MpucyTcTBHem C,HsN He. 
aiHuve moriouenua mpH 1480—1490 cm? u 590 — 620 Mp, cooTBeTcTByI0- 


AAH, T. 188, Ne 5 41413 
‘ 


; 


ulero THOKeTorpyiine, JaeT OCHOBaHHe MpelloaraTb, YTO HapsAy Cc Npotecco 
pa3loxKeHHA YCKOPUTeA H OOpas0BaHveM MOJUCYIbPUOB MpoTeKaeT Mporecc 
B3avMoselictBun H,S c MoJieKyJlOH yCKOpHTeIa, NpHBOAAWIMH K OOpas0BaHHK 
IIpOH3BONHOrO THOMOYeBHHEI. OOpas0BaHve yKa3aHHOFO MIposyKTa, OYeBHIHO 
MOMKET ObITh IpeCTaBJIeHO MO aHaJIOrHH C B3aHMOJeHCTBHeM TyaHHMHa HU erc 
MIPOHSBOAHBIX C BOON. 


Mockosckii HHCTHTyT TOHKOit Iloctynusio 


XHMHUCCKOH TeXHOJOrHH 26 I 1961 
um. M. B. Jlomonocospa 


UWHMTHPOBAHHAA JIUTEPATYPA 


1 Rathke; )O pi piemh ea mie Bers 23 stogen (Leo): 27 Wistinghausenf 
Kautschuk, 5, 57, 75 (1929). 
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\ 

é 


XHMH jl 


B. ®. KYYEPOB, B. lr. KOBAJIEB, T. A. KOTAH u JI. A. AHOBCKAS 


CHHTES H FEOMETPHYECKAA KOH®HPYPALUNA JHITHJIOBbIX 
IP®UPOB JOMEKATIEHTAEH-2, 4, 6, 8, 10-WHOBOH-1, 12 
WM PEKCAJEKATENTAEH-2, 4, 6, 8, 10, 12, 14-—MOBOH-1, 16 KHCJIOT 
(ITpedcmasaeno axademuxom B, A. Kasaxckum 4 II 1961) * 


B 1936 r. P. Kyn u Tpyuamanu (1) paspa6otramu o6mnMii MeTox cHHTe3a 

TIOJIMCHOBBIX JMKapOOHOBBIX KUCJIOT Ha OCHOBe MOJIMeHOBLIX MOHOKapOOHOBBIX 
“KHCJIOT WH CHHTe3HpOBasIH STHM MHOFOCTaMHbIM H CJIOKHbIM MyTeM TreKcaJe- 
‘KarentaeH-2,4,6,8,10,12,14-quosywo-1,16 KucoTy (qecKpoueTun) (?). 
_ Uceneqopanua noceqHux JleT MOKa3aIH, YTO MOJMeHOBbIe JHKapOOHOBble 
kKucOTH THNa HOOC(CH = CH),COOH, sBpassacb Meta6omMTaMH pxaqa rpH6- 
‘KOB H MHKpoopraHu3Mos (°, *), JOBObHO WIHPOKO paciipocTpaHeHbl B Mpupore. 
B uactuocru 8 1953 r. Bpokman xu [pore (°) Bbiqemnu U3 KyJIbTypadbHol wKU- 
KOCTH Streptomyces limosus 2xeJITBIH IMHrMeHT JMMOKPOWHH, KOTOPHIA OKa3aJICcA 
TIpOw3BOAHEIM JecKpoueTuHa (°). Bee sTo JeaeT akTyaIbHO! paspaGoTKy y06- 
HbIX MeTOJOB CHHTe3a MO/JIMeCHOBbIX JHKapOOHOBbIX KHCJIOT, KOTOPble HECOMHEH- 
HO MOryT OOaaTb HHTepecHbIMH aHTHOMOTHYeCKHMH CBOLCTBAMH. 

MbI TIipHMeHHJH JIA CHHTe3a JHSTHMOBLIX 9dHpoB THMa CzHsOOC (CH = 
(CH) ,COOC2Hs (n = 5,7) KOMOHHNpoBaHHe peaKILHH HapallMBaHHa alletasieli 
BHHUAOBLIMM 9PupaMH HW peakunio Burtura, KoTOpple ObIJIM HCMOb30BaHbI HaMH © 
(paHee JIA CHHTeSa SUPOB AIKOKCHAMKAapOOHOBbIX KUCIOT THHa CeHsOOCCH = 
CH (CHeCH(OC2Hs)),CHeCH = CHCOOC2Hs (*). Sror x%e NyTb Obit uc- 
nowmb30BaH McuepomM in cHHTe3a KpomeTHHa (°°). 

B KayecTBe HCXOAHOFO MIPOMyKTa C/K JerkO JOCTYNHbIN TeTpasTHuatie- 
Tab MasleHHOBOrO Habyerugza (II), nomyseHHplii ruqpHpoBaHHem TeTpasTH- 
anetaia OyTuHIvana (1) B mpucytcTBHH KaTanusatopa JImHzapa. Hapamu- 
iBaHue (I[) BHHHJISTHJIOBLIM 3DHPOM NPOBOANIOCh B IPHCYTCTBHH Supata Tpex- 
Topuctoro Sopa. Omplienuem nowtyyenuoro |, 1, 3, 6, 8,8-rekcasTOKcnoKTeHa-4 
(III) dochopHok KuCOTOH MowyYeH C XOPOLIHM BbIXOJOM OKTaTpHeH-2,4,6- 
guamp-1,8 ({V). Ilo peakunu Burturamexyy (IV) 4 KapOsToKcuMeTHeHocho- 
panom (V) wan KapO6sToKcHBHHHMeTHTeHpochopaHom (VI) Opin mony4yeHbi 
WM9THNOBbIe SUPLI WoMeKameHTaenH-2,4,6,8,10-quopon-1,12 (VII) u rexcagexa- 
rentaeu-2,4,6,8,10,12,14-nuopori-1,16 KucnoTp (VIII). Takum o6pa3om, Obi 
PaspadoTaH OOWLMH MpOCcTOH H JOCTYMHbIM MyTb CHHTe3a MOMMeHOBbIX AHKapOo- 
HOBbIX KHCJIOT C HEYETHBIM YHCOM COMPAXKeHHbIX JBOHHBIX CBA3eH, KOTOPDIi 
MOXKET ObITb HCIMOJIb30BAaH JIA NONVYCHHA JOObIX BbICLIMX COCEAMHEHHH STOFO THNA: 
5 

(CHs0),CHC=CCH(OC,H,)g 2» (CyH;O)gCHCH=CHCH(OC)H,), 
R (10 
CHy=CHOC>H, 
(CgH5O)2CHCH,CHCH=CHCHCH,CH(OCH,), 
OC3H; OCH, 
(IIL) 


HOCCH==CHCH=CHCH=CHCHO 


C,H; 00C(CH=CH);COOC,H, CyHsOOC(CH=CH),COOC,H, 
(VII) (VII) : 


7 
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Jl BbIACHeEHHA TeEOMeTPHYeCKOH KOHUrypalMN BCeX NMOJIYYeHHbIX BbILMe 
COeIMHeHHH ObIIH W3YYeHbI UX W.-K. CMeKTPbI B OGACTH HeMMOCKUX WepopMa- 
WMOHHBIX KomeGaHuli C—H-casa3et (700—850 u 900—1000 cm~'), a ana coequ- 
HeHHit C OHO ZBoHON cBasbro (II) u (III) JononHuTebHO TakxKe BaJeHTHBIe 
KOICOaHUA ABOMHOH CBA3M B CIM€KTPpaxX KOMOMHAMMOHHOrO paccesHuA (B OONAa- 
ctu 1652—1662 u 1668—-1678 cm~1). Oxa3asoch, 4¥TO ucxogHubI (II) He aBaa- 
CTCH HHIMBULYaJIbHBIM COeAMHEHHEM HM COJep2KUT MPHMeCb Tpabc-Hs0Mepa (Ha- 
gimune monoc mpu 1652 u 1674 cm~+) u, creqoBaTenbHO, ru pupoBanue (1) mpo- 
XOMUT HecTepeocnenupuyHo. Bce octambHbie coequHenusa (III), (IV), (VII) u| 
(VIII) o6magaioT NOWHOCTHIO TpaHc-KOH@urypalweH WB UX H.-K. CMeKTpax CO-| 
jlepxKaTcH MOOCbl HemOCKHX eopMallMOHHbIX KkoNeOanMh C—H-cpxseii | 
TOJIbKO B O6sactu 9O0O—1000 cm7+. B cnexTpe koMOuHalMoHHoro pacceaHua (IIT) 
UMeeTCA TOl0ca TOMbKO mpu 1668 cm~? (TpaHc-KoHNurypaluA NO ABOMHOK CBA- 
3H), CJI@MOBATeJIbHO, y2Ke peaKUMA HapalyMBanuA Juauetana (11) compopoxza-| 
eTCA TOJIHbIM H3MCHeEHHeEM TeOMeTPHYeCKOH KOHUrypallun. 

Tlustusoppiit sdup geckpouetuHa (VIII), nonyyenHpti Hamu, OKa3aJICA 
WCHTHUHLIM OMWCaHHOMy KyHOoM, JIA KOTOpOro paHee OblJia NpHHATAa TpaHc- 
KOHUrypalua TOJbKO Ha OCHOBaHHH MeTOJa CHHTesa. . 


IKCTe€PUMEATANIHH at ca CTS 


TeTpaasyTHAaNeTAALbMANECHHOBOTOAHaAnbAerugai(ll).| 
103,27 (0,448 mona) TetpasTHsanetana OyTHHAMana (1) (nomy4eH MO ONHCaHHOM 
B JluTepaType MeTosuKe (7)) ragqpHpoBaau B 150 Mi rekcaHaBipucytcTBun 10 r 
Kataiusatopa JIungmapa mpu 18° 758 mm. Tlocue norsomenua 11 1 He (teo-} 
petuyecku TpeOyetca 11,1 a) rugqpHpoBanue ocTaHoBusiocb. Katamu3atop OT-| 
(PHJIbTPOBAaIM, TULATeIbHO TMPOMbWIM TeKCaHOM, paCTBOPHTesb OTOrHaIH U 
ocTaTokK meperHasn. Tlonyyeno 86,3 r (83% TeopetHueckoro) TeTpasTuMaleTasaA 


MasleHHOBOrO jMasbmeruya (I1) c T. kun. 93—95° mpu 3,5 uM, nip? 1,4254 (12) 5 
CnekTp KoMOuHalMoHHoro paccesHuA: 1652, 1674 cm}. 

1:1,38,6,8,8-excaastTokcuoKktTe H- (III). K cmecu 90,7 r (0,39 mo- 
Jia) TeTpasTHJalleTasid MaJleHHOBOrO Hadibleruga (11) u ofHOH Kanu sibu-§ 
pata TpexdtTopuctoro Oopa, Harpetoi yo 30°, qoOaBHsu mocTeneHHo 56,16 rf 
(0,76 mMouia) BUHMJISTHIOBOrO Supa C TAKOH CKOPOCThIO, YTOOLI TeMMepatypa He 
mpeBbiitiasa 30—35°. CMecb HarpeBasM B TeyeHHe Yaca pu 40—45°, 3aTem pa3-§ 
6aBusiu SdupoM, Mpombiwiu 5% pacTBOpOM efKOrO HaTpa, BOOM, BbICYIIMI 
IaBNeHHEIM moTawioM. Ilocse yqaueHHA pacTBOPHTeIA OCTaTOK MeperHasu HE 
nosyanau 84,7 r (64,5% or Teoperuyeckoro) sbupoanetasa (III) ct. kun. 134—§ 


138° ipu 0,5 mm, np 1,4373. Cnextp KomOuHalvonnoro paccesHus: 1668 cm™ 1, 


vy Hailizeno %: (G TORIDPAGR Koo Vleet WU Ry) 
CopHapOe Boruncaeno Wer 1G iets FS PALO: 


OxtTatpueux-2,4,6-r4a5-1,8 (IV). Cmecb 94,7 r shbupoanetana® 
(III), 15 ma Bogpr, 8 r 85% dochopHom KucaoTH u 230 Ma qMOKCaHa KMNATHAA 
B IIPHCYTCTBHM CJI€JOB rH pOXMHOHA B TOKe a30Ta B TeyeHHe 7 4ac., MeAJICEHHO® 
OTTOHAA aseoTpon Boa — crupT — WnoKcaH (1 Kania BS ceK.) H OMHOBpeMeHHO 
noOaBslad K peakKUMOHHOH CMeCH C TaKOM 2Ke CKOPOCTbIO CMeCb AMOKCaHa C BO- 
no, 4: 1. Peaxwwonnyio cmecb BblIMIH B1,5 J XONOLHOM BOAbI M MpOLyKT pe-| 
aKIMM THaTeIbHO NpoOsKcTparupoBadH xJopodopmom. Iloce BbICyMIMBaHHNA| 
CyJIb(paTOM MarHHA HM OTTOHKM pacTBOpHTeaA BbIgemeHO 19,6 r quanpgeruya (IV) 
c T. mu. 144—145° (u3 cmecn xopotopma c atbupom) u pereHepupoBaHo 21,2 r| 
HeEOMbIIMBIeroca sdupoanetana (III). Bprxon gauanpgeruga (1V) coctapaser} 
74,1%, cavTas Ha Bolen B peakiMio atupoatteTamb. Awaxe (CHMpT) 317 mp] 
(e = 3000), u.-K. cnextp (B xmopodopme): 1623 (gBoiiHEIe cBa3u), 1667 (co-| 
ee IBOHHOK CBAsH Cc C=O),992,1 cm” 1 (kone6aHuA BOLOpo_a pH TpaHc- 

=C-cBa3h). 


Hatigeno WAS AG AB aulor Aula WEE | Sie 
C3H,O5. BpruvicsieHo Of Came TOnoinie lah wei 
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| AMSTHUNOBHH 9PHP RoReKaneuT ae w-2,4,6,8, 10-qHoBo!- 
1,12kucaoTH (VII). Pacrsop 1,36 r (0,01 mona) quanpgernya (IV) u 6,98 r 
(0,02 Mona) Kap6sToKcumetumencoccbopana (V) (1%) B 150 ma GeH3oua Kuna- 
THM 6 4ac. B TOKe asora. OcTaToK Nocule yasneHuA pacTBOpuTenA O6paboran 
15 MI MetaHona uv monyaunu 0,5 r supa (VII). Ws marounoro pactBopa ny- 
“Te yiapuBaHua M OOpaoorKu ocTaTKa 8 Mi MeTaHONa Bbigenunu 0,7 r scbupa 
(VII); mpu nostopenun stoi onepauuu monyyeno eme 0,4 r abupa (VII). Bee- 
ro mogyueuo 1.6 r supa (VII) (57% or Teopetuyeckoro) B BHJe CBETJIO-2Ke JITHIX 
MacTHHOK Cc T. mu. 157,5—159,5° (“3 cmecn x.sopocdbopma c meTaHosom). 
Anaxe (xopodopm): 270, 368, 388 mu (e == 4,400, 99,500, 95,500). H.-x. 
_emekTp (B Macvie): 1597 (ouenb c1a6aa mooca), 1623, 1696 (CO-rpynna, conps- 


| KeHHAA C WBOMHOL cBAsbIO), 1012 cm7! (KoeSaHuH BO_OpoRa Mp TpaHc-C=C- 
CBA3H). 


Hatigeno Vere FOMMUGO0;) (O92) Timed Ssmenie 20) 
CygHO,. BpruncieHo OF an Gis (OOnioze: ie 7 

Bm OMSTHNOBLMH ShuUp rekcapeKarentTaeun-2,4,68,10,12, 
pl4nuoson-1l6 kucnoTHn ("4u9THTOBLH Shbup RecKpo- 
metuua) (VIII). K pacrsopy 9,37 r (0,025 mona) KapOstoKcuBHHHMeTH- 
_Tenochopana (VI) (**) B 300 ma GeH30Na npu oxNaxKJeHuH BOZO RObaBuaM 
‘mo Kanuiam pactsop 1,36 r (0,01 moms) quanpgzeruga (IV) B 150 ma 6eH30ua B 
“Teuenne yaca. CmMecb KHNATHIM B TOKe a30Ta (B OaHe 106—110°) B Teyenue 5 uac. 

‘Ha apyroti yeu Bpiyjemmpimueca Kpuctanapi (VIII) orgenuan. Octatox ynapnain 

B BakyyMe, OOpaOoTaIM MeTaHOJIOM H KPHCTaJWIbI OTPUALTPOBaNM, STY OMepa- 
WMIO NOBTOpHH ABaxHI. Bcero nowyyeno 0,3r qausTHIOBOrO 2bupa AecKpoLe- 
tuna (VIII) cr. na. 210,5—211,5°, Nuance (xnopodbopm) 255 mu (e = 27,000), 

Amaxc (MMpuguH) 417,5, 443 mu, 4To coorBeTctByeT JWMTepaTypHEIM aHHBIM (2). 
“V.-x. cnextp: 1595 (ovenp cta6aa nonoca), 1623, 1696, 1014 cm-! (koneGanua 
“Bowoposza mpu Tpanc-C—C-cpa3u); B o6actH 700—850 cm-! momoc He o6Hapy- 

2KeHO. 

Y IbTpaduoueropble CeKTPbI CHAMAIHCb Ha MpHOope CO-4, undpaKpacupre — 
Ha mpHOope MKC-12, komOunaunonHoro paccesuua — Ha npn6ope MCTI-51. 


WUuctutyt oprannyueckoi xumuu Tlocrymusio 
uM. H. JI. 3ennuckoro Axagemun nayK CCCP 28 I 1961 
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Jloxzagn Akagemuu nayx CCCP 
1961. Tom 138, M5 


XHMH# 


Axayemuk A. H. HECMESHOB, 9. FT. MEPEBAJIOBA u T. B. HAKHTHHA 


CHHTE3 A3O®EPPOLWEHA, EFO BOCCTAHOBJIEHHE HW NOBEXEHHE 
B YCJIOBHAX BEH3HAMHOBONW NMEPEFPYNMUPOBKH 


VispecTuble JO HaCTOANerO BpeMeHH MOVJIeEKYJIAPHbIe MeperpyNnHpoBKH B 
pany cbeppolleHa ABIAIOTCA NeperpynmupoBKaMH B OoKoBOl Wenn (1,*). Takue 
TUMMUHbIE JIA MPOMSBOAHEIX OeH3ou1a NeperpynnHpOBKH, Kak Neperpynnupos- 
ku Kasaiizena (°), Opuca (*) uv Commae (7) B psay cbeppomena ocyuecTBUTb He 
yuaetcn. HasBaHHble NeperpyimupoBKH apomaTHYeCKHX CoeqMHeHUH OeH30JIb- 
HOFO psa MpOTeKalOT HATPaMOVIeKYJAPHO*, T. €. ABJIAIOTCA TeM THNIOM mepe- 
IpYyMMMpOBOK, KOTOPbIH HaMOoNee TeCHO CBA3AH CO CNeMMpUuKOH 3eKTPOHHEIX 
B3aMMOJeHCTBHH BHYTpH apoMaTuyeckoro Kouba. B CBA3H C STHM OOVIbUIOH HH- 
Tepec MpecTaBIAeT pacilupeHHve YMCA COeAMHEHH cbeppoleHoBorO psa, NO- 
BeJleHHe KOTOPbIX H3y4YeHO B YCJIOBHAX NeperpyMMHPOBOK, XapaKTepHbIX 1A 
MIPOW3BOMHHIX OeH30sa. 

B Hactosmeh pa6oTe MbI CHHTe3HpOBaJIM az0c:eppOlleH, H3Y4HJIM ero B3aH- 
MOjelicTBHe C peareHTaMH, MpeBpallaloulHMH a306eH30/1 B OeH3HHH, WH UC- | 
culeloBasIH MOBeseHHe az0deppoueHa B YCJOBHAX NOWyYeHHA THApasocoesu- 
HeHHii M MX MocweLylolleh MeperpynmupoBkH B OeH3uqHH. Hu B OAHOM cyy4ae 
MbI He OOHAPyXHJIM COeAMHEHHA TuMa OeH3uqHHA. | 

A30npousBozHble cbeppolleHa JO mocseqHero BPeMeHH OCTAaBaJHCh HeEmocTyn- 
HbIMH. Mx He yqaBalOCh NOJYYHTb Mp AelicTBHH WHas0coeMMHeHHH Ha deppo- 
weH (°°), BesycneniHbIMH OKa3aJIHCb TaK2Ke NOMbITKH MpOAMa3OTHPOBAaTb aMH- 
HodeppoueH (1°). Henapno Hoxc (1!) cuntTesupoBad MeTHJI- HU tbeHUsmaz0teppo- 
IH HeMmOCpeACTBEHHO H3 MeTHJ- HW (PeHHMa3OUMKJONCHTAAMeHHJIJIMTHA MW XJIO- 
pucToro »xKevesa. 

Mobi nowyyusn asoceppoueH MpH WevicTBHM 3aKUNCH a30Ta Ha cbeppouenHa- 
autui (17). AHanornunHas peakuusa Oblula omMcaHa paHee Ha mpHMepe (peHu- | 
auTHsA (78,74), 


N,O : C,H,FeC,H,Li 
C;H;FeCsHiLi => [C;H,FeCsHaN =) NOL) ————-+ 


=. Cs5HsFeC;H4N = NC;H4aFeCs;H; 


Mp usy4uniM nopeyenne agoceppolleHa B yCJIOBMAX OOpasoBaHuA U3 aso- § 
GeH301a OeHSHIMHA, KOTOPOe MPOHCXOAHT Mp eiicTBHH Ha a306eH3ON CHVIb- 
HbIX KHCJIOT MOUTH BO BCeX OpraHWyecKHxX pacTBopuTenaAx (1°). Asopeppouex 
B TaKHX YCJIOBHAX COeMHeEHHH Tuma OeH3HuHAa He gaeT. IIpu geicrBHH KOH- 
KEHTPHPOBaHHOH COJIAHOH MI CepHOH KHCMOTbHI as0deppolweH yacTHYHO mpe- 
BpalijaeTca B CheppOleHHJIaMHH, YaCTHYHO paspyuuiaeTca, 

Pasyimuve B CBOHCTBax a3z0ceppoleHa HM a300eH30.1a, 10-BHAMMOMy, OObs~C- 
HAe€TCA BJIMAHHEM aTOMa %*Keesa. YcTOHYNBOCTh CeppOLeHHJIMeTHJIbHOrO Ka- 


+ 
THoHaC;H;FeC;H,CH2, ormeyenHaa B psge pador (), uw mpeBpamenue sToro 
M0OHa KapOOHHA B HOH-paguKan (1’) C;H;Fe*C;H,CH,- yOequTembHo cBuye- | 
TEJIbCTBYIOT O CHOCOOHOCTH a-cheppOleHHJIMeTHJIbHOrO KaTHOHa K BHYTPHMO- | 
JICKYJIAPHBIM OKHCJIMTEJIbHO-BOCCTAHOBHTeCJIbHBIM PeaKUHAM C y4acTHeM 9J1eK- 
TPOHOB aTOMa xKeVIE3a. 

ABJIEHME 9TO, BEPOATHO, HOCHT OOULHA XapakTep B PAY NpONsBONHEIX dep- 
polleHa, H OOHapyxKeHHOe HaMH CBOeOOpasHoe MOBeyeHue az0ceppolleHa NpH 
ReHCTBUM CHJIbHbIX KUCJIOT MOYKHO OObACHHTE C STON TOUKU 3peHusa. Asoceppo- 


* Mexanvism meperpynmuposku @puca He BbincHen. Tepui3z0n (°) IpHBOAHT px BeCKHX 
AOBONOB B MONb3y HHTPaMOeKyAPHOFO XapakTepa STOI NeperpyMMHpoBKH B Cyly4ae apomaTH- 
YECKHX SPHPOB XKHPHbIX H MKMPHOApOMAaTHYeCKHX KHCIOT. . 
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€H B MPUCyTCTBUM CHJIbHOH KUCOTLI NpoTOHMpyetca*, BOSHMKaeT KaTHoH I, 

OJOMKUTEIbHBIN 3apA_ KOTOPOrO racnTCA 3a CueT MOMAaIH ZIEKTPOHOB aTOMOM 

eesa M OOpasoBanuaA MOHAa-panuKana II, Koroppili Janee nox WelicTBHeM KuCc- 

OTbI aeT eppOleHHaMuH HM MpOLyKTH pacwjenseHuA cbeppoweHoBoro saqpa 
Per 


+- 
; CsH;FeC;H4N = NC;H4aFeC;H; —s [CsHsFeC;H4N = NC;H4FeCsHs] —* 
f H 
(I) 
aoe — + HCl 
— [CsHs FeC;HaN — NHC;HaFeCsHs] Cl —-> 
(1) 
} > C;HsFeC;H4N He + FeCl, 4. [C5He 4. CsHaNCl]. 


Ha ocuosanun padotn Jutta u Kaapxa (1°) o crpyxktype dbenusa3onpo- 
WUSBOMHMIX eppolleHa, KOTOPbIM OHH M10 pe3yAbTaTaM cieKTpocKonMyecKoro 
MCCJI€NOBaHUA MPHMHCbIBaIOT XHHOMAHOe CTpoeHHe, MOXHO MpesNoNoxKUTD, 
4TO MOH-paguKan II Oyner umeTb cTpyxtypy III. 


t 
j 


eee | 


Fee RY 

; Fet A Fe 

- oa set Ae ae 

RAN nation 

_ Jjanee Hamu Obino0 u3yyeHO BOCCTaHOBJeHHe asodeppolleHa B YCOBHAX, B 


KOTOPbIX H3 a300eH30/1a MOUTH C KOJHUCCTBEHHBIM BbIXOJOM MOmyuaeTCa THI- 
pa3s00eH3071 u OOpa30BaHue aHuMHAa He HaOmoZaeTcA. Oka3aocb, 4TO C ayiio- 
MOrHAPHOM JIMTHA, C OPOMHCTHIM (eHHJIMarHHeM H C JIMTHeEM B Cpefe TeTpa- 
THUpobypava asoeppouen He pearupyeT, a ruApasHHruspaTOM M WMHKOM B 
(MleEOYHON Cpeye BOCCTaHaBIMBaeTCA NO deppoweHunamuHa (BEIXo, 20 u 76%, - 
(COOTBeETCTBeEHHO). Takoe mopefeHve asoceppoleHa uMeeT aHalorHio B pay 
NPOWSBOAHEIX OeH30a, Tak KaK MoKa3aHo (7°), uTO a306eH30VIbl, HMeronTHe 
SJIEKTPOHOROHOPHbIe 3aMeCTHTeJIM, TpyqHee, 4eM CaM a300eH301, BOCCTaHaBJIH- 
‘BaloTcCa MO ruspasocoeqMHeHHH, HO pacilelJeHve COOTBeETCTBYyIONLero rMApazo- 
(COCMMHEHUA O AMMHA MPOHCXOMUT Jerue, a U3BECTHO, YTO J/IEKTPOHOMOHOPHbIe 
‘CBOHCTBA PeppOlNeCHHIbHON TpyNMbl 3HauMTebHO BbUe, 4YeM (pPeHHJIbHOM. 

IIpH M3y4eHHN BOCCTAHOBJIeEHHA I[MHKOBOM MIbIIbIO HAMM ObIIH MOy4eHbI 
akTbl, CBHJeTebCTByIOWIMe O NpPOMexKyTOUHOM OOpa30BaHHN rupasoceppo- 
tena. Tak, pu mepemewimBaHHH M HarpeBaHu peakILMOHHOM CMecH (cbuoueTo- 
‘Ban OKpacka, XapakTepHaad JA azs0cbeppolena, NocTenmeHHO ucue3zaeT, H pac- 
'TBOP CTAHOBHTCA CBETJIO-%KeJTLIM. OHakKO OKpaCKa MOABJIAeCTCA BHOBb, Kak 
‘TOKO MepeMeluuBaHve Npekpallaetca MW WHHK OcesaeT Ha WHO. Tak noptTopsetca 
HECKOJbKO pa3, MOKa, HaKOHell, OKpacKa He ucue3sHeT HeoGpatTumo. BeposzTHo, 
TMPOM@XKYTOUHKIM TIPOAYKTOM Mp BOCCTAHOBJIeHHH a3z0cdeppoleHa ABJIAeTCA 
rHEpasoeppoleH, KOTOPbIN 3aTeM BOCCTaHaBJMBaeTCA JO aMMHa, M, KpoMe 


Toro, MpOWCxOAUT ero AUCMponOpuMOHUpoBaHHe C OOpasoBaHHem asoceppomena 
‘H deppouwennaamuna. 


C;3H;FeCsHaNHs 
: H. , 1 H- 
C53H;FeC;HyN = NC;HaFeC;H; 4 [CsHsFeC;HaN HNHC5HyFeCsHs] 

CsHsFeC;HaN = NC;H.FeC;H; + Cs3H;FeC;HaNHo2 

B otcytcTpue BOCCTaHOBHTeJA MpoTeKaeT JIM Mpowece AucnponopuKoHUpo 
'BaHHA, H KOHICHTpalluA a3zoctbeppoleHa ObicTpo BospactaeT, 4TO OOHApyKUBA- 
€TCA NO MOABNeHHIO PuoNeTOBOH OKpackH. Ec.iM BoccTaHOBJIeHNe MpeKpaTHTb 
Np NepBom ucuesHOBeHHH (buOsMeETOBOH OKPacKH HM Jaslee peakIMOHHy!O CMeCb 
[PasqesMTb Ha Be paBHble 4aCcTH, OJHY H3 KOTOPbIX cpa3sy OOpaGoTaTb pa3sOaB- 
J€HHOH CONAHOM KUCJOTON, a APyryio YacTb MpelBapHTeNbHO BCTPAXMBATL He- 
gpTopoe BpeMA Ha BO3Lyxe, TO B OOOMX cy4YaAX MoyyuaeTcsA cmecb azodeppo- 


|  * ManopepostHo, uTo mpoToHHpoBaHHe mo aTomy x*evle3a (!8) 6yzeT HrpaTb B aHHOM 
Culyuae CyilecTBeHHyIO pou. 
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weHa WH deppoweHHaMuHa, HO BO BTOPOM CJIly4¥ae KO/MYeCTBO asotpeppoleHay 
3HAYNTeILHO OOsbIUIe, 4 KOMYECTBO CPeppOleHHJIAMHHA COOTBETCTBCHHO MeHbILUe 
OueBHAHO, MO WeCTBHeEM pasOaBJIeEHHOH COJIAHOH KHCJIOThI B MepBOi wacTHe 
ObICTpO 3aKAHYNBAeTCHA JUCHPONOPpUMOHHpOBaHHe™ rHsApasodeppouena Ha aMuH 
HM asocoeqMHeHHe, BO BTOPOH xe YACTH He AMCNPONOPUMOHUPOBABIUHH paHee 
rukpasoeppoleH OKUCIACTCA KHCIOPONOM BOsLyxXa BO asocdeppouena. 

Hukakux ApyriX aMHHOB, Kpome deppoueHHaMHHa, HH B OHOM culyuael 
HaMW He OblIO OOHApy2xKeHO, YTO aeT OCHOBAHHe CUNTATH, YTO NeperpynnupoB-§ 
Ka THnNa Oe€H3HMHOBOH He MpOHCXOJMT. 

OuepusHO, HeperpyNnHpOBKH apoOMaTH¥eCKHX COeIMHeEHH OeH30/bHOrO| 
pALa, MpoTeKalolulve HHTPaMOJeKYJAPHO, B PAY MPOH3SBOLHHIX ceppoweHa He 
ocymmecTBImIOoTCA. Bo Bcex Tex cyly¥aAX, KOPa PaBHyIO pOb urpaeT oOusas| 
CMOcoOHOCTh CHCTeMbl K Tofaye 3JIEKTPOHOB, aHavorna cdeppoweHa c 6eH300Mi 
WIM, Wyaue, C erO MPOH3BOAHBIMH, HMEIONLMMH 3JIEKTPOHOMOHOPHbIe 3aMecTH-ff 
Te, BUOJHe JOTHYHA HW OKa3aNaCb MWIOAOTBOPHOH, KaK MOKa3biBaeT ycmeLiHoe 
HU3yUeHHe CBOHCTB (eppolleHa, B OCHOBE KOTOPOFO Jiexkala AaHAJIOrHA C ApoMaTH- 
YeCKHMH COeHHCHUAMH OeH3O/bHOrO psa. IleperpynnupoBKn xe MpOusBo- 
HbIX OeH3OJIa, HOCHILMe HHTPaMOJeKYJIAPHBIM XapakTep, MpoTeKaloT OOpi4HO} 
yepes IMKJIMUeCKOe MepeXoHOe COCTOAHHE, BKNOUAaIOIMLee CTPYKTYpbI THMa XH-§ 
HoWmHOU. B cyyae NpOn3BOAHBIX ceppoweHa MOOOHbIe NepexoHble cocToA-f 
HHA He MOryT HOCHTb aHaJIOrMynblll XapakTep, MOTOMY 4TO B CTpyKTypax Takoro§ 
THMNa APKO MpOsBIAeTCA CHeNHUKA IICKTPOHHbIX B3aHMOJeCHCTBUH BHYTPUF 
aHHOW CHCTeMBI, HW B CeppOWeCHOBbIX NPOHSBOMHHIX pellalowly!o powb OyzeT ur- 
paTb xKesle30. Kpome Toro, «XHHOMAHbIM> CTPyKTypaM OeH30ubHOrO pAa B dep-f 
POIWeHOBOM PAY OyyT COOTBeTCTBOBAaTh «yJIbBeHOMHbIe>» CTPyKTypb! Tunak 
HanucaHHol BEuue cTpyKTypb! III. Tlommaa ananorua B nepeqaye 3eKTPOH- 
HbIX BJIMAHHH WIA STHX JBYX THNOB CTPYKTYP MaJIOBepoATHA. 


OKCNePpHMe€HTAALBHAA YACTL 


Tlionyuenue asodepponena (). Pactsop 0,04 monn dep- 
poleHuuTusa **, nowyyenxoro 43 20r (0,11 moan) dhepponena u 0,1 moma 6y- 
THIHTHA, B 300 ma cmecu (2: 1) a6c. supa u TeTparnypodpypana Hacbillasica 
B TedeHHe 30 MMH. 3aKHCbIO a30Ta (MpotymeHo 8 1) Np NepememuMBaHHH UH J 
OXaKeHHH (TeMMepatypa Oann —15°). Tlocme sToro peakiMoHHad CMecb 
lepeMellMBaacb | yac pH KOMHATHOM TemnepaType HM Obiia OCTaBJeHa Ha HOUb. 

Asoeppouer Obi OTIeIeH OT APyrHX MpokyKTOB peakwHH xpomaTorpadu- 
ueckH Ha Al,O; M MepeKpucTaiM30BaH 43 OeH30Na. Brrxoq 2 r (25% or 
Teopun). I. mt. 256—258° (c pasa.) B 3amatHHOM Kanwsuape. | 

Hafigeno %: C 59,91; 60,40; H 4,88; . 4,79; Fe 28,443 28.44: N 7.27 
CapHigN2.  Baraucmeno %: C 60,34; H 4,00; Fe 28,06; NieiOo 
1,8 


: Abe CHeKTp (B H300KTaHe): Ayaxc 315, 375, 510 mp (Ig Ewaxe 2,59; 
HeucTBue na as0meppouen Kou. H2SOs-0,5 r(0,00125 mo- 
aA) asocepporena Obi TWLaTebHO pactepTb! co cmMecbio 0,2 r (0,0020 moms) 
98% H2SOs u 8 Ma GensuoBoro cnupTa. 3aTeM peaKUMOHHaA CMeCb BCTPAXH- 
Ballacb B TeyeHHe 8 uac. IIpH KOMHATHOH TemMMepaType M Opiwia ocTaBueHa Ha | 
Houb. Iloeue storo Obwio npuGaBaeno 100 ma Bog u 100 ma Gen30na. Opranu- 
YeCKHH COM OTWeeH, Mpompit2N HCl u Bopoit, BbicyieH NasSOa WH xpomato- | 
rpadupopan wa AlsOs. Buijeneno 0,32 r (63% B3aToro B peakiMio) asodep- 
polena. 

CepHokucubiit pacTBop, CoeqMHeHHBIi C COMMHOKUCABIMM BbITAXKKAaMH, Mocae 
TomineiatMBanist 2N NaOH Opt skcrparupoBan spupom. Sibupupie BHITAKKM 


Ais /\uctponoprHonupoBanue THApasobeHs0Na MpPOHCXOAHT JIMIb MpH HarpeBanuu BbIMe 
100°, a npu yeiicrBua KUCHOT OcylecTBIAeTCH OCH3MAMHOBAA MeperpynnupoBKa, AMcCMponop- | 
HHOHHPOBAHHE IPH STOM TakKxKe HMeeT MECTO, HO B He3HAYHTeIbHO CTeneHH. BBeqenue IEKTPO- 
HOROHOPHBIX 3aMeCTHTeNeH 3aMeTHO OGJerdaeT mpomecc AMCnponopmuHoHupopanun (24), | 

; Beixon (beppowenwINHTHA onpeneneH mo KOJIMYeCTBY cbeppoleHKapOOHOBOll KHCJIOTHI, — 
oOpa3oBaBillelicn mocae KapOOKCHIMPOBaHHA OTZEIbHOH Mpo6bl pactBopa. 
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IPOMBITHI BOJOK, BbICyeHb! KxCOs. Opup Hcnapen B BakyyMe Nop Ne. [louy- 
eHo 0,05 r (Bbixoyq 10% oT TeopeTuyecKoro) qbeppouweHHaMuHa, KOTOppIit 
pil BOSOrHaH B BaKyyMe. T. na. 150 — 154° B sanaaHHom nox Ne Kanuaasape; 
MellaHHad MpoOa c 3aBeOMbIM OOpa3IlOM IlaBHJlacb 6e3 jlenpeccun. 

BpinaBliad Mp MosilewaynBaHHu KHCJIOTO pacTBOpa THApPOOKHCh x*Xewlesa 
“orpuabrposana, mepeocaxkjeHa aMMHaKOM HW lpokaJleHa B MydebHOK Teun. 
Tloayyeno 0,05 r FesOs, uro cootsetctsyer 0,13 r (26%) paspymuBmerocs 
_asocdeppouena. 
® JlewcTBue Ha az30mepponen Kony. HCl. 0,1 r a30heppo- 
‘ueHa Oblvio pacTBopeHo B 4 MJ Kon. HCl. ComsnoKkucapiit pacrBop Mocue nop: 
‘mwlelayuBaHHA 9KcTparupoBan sxupom. Deppowenuamun wu FesOs Bpieenni 
‘Tak, Kak ouucaHo B Iipezpiyulem onbite. Tlonyyeno 0,44 r (Bprxon 44%) 
‘ceppowenunamuna uw 0,02 r FexOs, uro cootzetctayer 0,05 r (50%) paspy- 
wMBileroca aszodeppormena. 
® BoccTtaHoBaAeHHe ZnNHMIbWO BMEAOUHOH cpefe. 

Ons Tt Ne 1. Cmecb 0,1 r a30cseppouena, 25 ma cnupta, 10 ma 6en30.a, 
0,5 ma 20% NaOH u 20 r Zn-npiiM HarpeBasiach Np MHTeHCHBHOM Nepemeli- 
‘BaHHM B\aTMOcdepe 4MCTOrO a30Ta JO UCde3sHOBeHHA CuOMeTOBOH OKpacku 
(15 MHH.), 3aTeM pa3OaBuleHa 200 Mi GeH301a HM OTPUIbTPOBAHA NOX a30TOM B 
JICNMTeMbHYIO BOPOHKY. PacTBOp, BHOBb OKpaCHBIWHHCA B (PMOeTOBLIN WBeT, 
oe Ha [Be paBHbie 4YacTH. OjHa 4acTb Cpa3y Ke 9KCTparHpoBana 
3% HCl *. Ws opranuyeckoro cos Bbijeneno 0,020 r (20% ) ucxogHoro asopep- 
pollena, H W3 KUCJIbIX BbITAKeK Noce NofMmesaunBanua osyyeHo 0,023 r 
(23%) ceppoweHusamuua. 

Bropad 4acTb MpesBapHTesIbHO BCTpAXHBaacb B TeyeHHe 20 MUH. C BO3- 
ayxom. V3 opraHuyeckoro cuiox BhizeteHo 0,040 r (40%) a30deppouena, a u3 
KHCJIbIX BbITAKeK Moce NoAWetauuBaHuA Nonyyeno 0,013 r (13%) dheppoue- 
HHJIaMuHa. 

Ont Ne 2. [Jposozuaica anasornuHo Npesbiqylulemy, HO NepeMeuIMBaHHe 
‘WM HarpeBaHHe MposoumkKaloch JO HeOOpaTHMoro HCuesHOBeHHA OKpackH (1 ac), 
\OTrduJIbTpOBaHHbIM OT WHHKAa pacTBOp MoCJe HaCbIIeHHA BO3yXOM 9KCTparH- 
posau 3% HCl. H3 kucubix BbITAKeK MOCe NOMMeaunBaHHA BbIZemeHo 0,076 r 
depporwenusamuna. Beixoyx 76% oT Teopetuyeckoro. B 6eH30/IbHOM CJl0e a3o- 
ibeppolleH He OOHapyx*eu. 


MockoscKHit rocyjapCTBeHHbld yHHBepCcHTerT Tlocrynnsio 
um. M. B. Jlomonocosa 3 II 1961 
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i * C pas6apienuolt HCl a3opeppouen He pearupyer, 
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Jloxaagm Axagemun nayr CCCP 
1961. Tom 138, Ne 5 


E. H. MPHJIEXKAEBA, JI. B. UbIMBAJI 
uM ueH-Koppecnonyent AH CCCP M. ®. WIOCTAKOBCKHH 


O CPABHUTEJIbHOM JMEHOOMJIbHOM PEAKILMOHHOM 
CNOCOBHOCTH B PAY: BAUHWJICY JIbOUA — BUHVIJICY JIbPOKCH] — | 
BUHWJICY JIbPOH | 


Hawiumu mpenpiayuyumMu paOoTaMv MoKa3aHo, 4TO B PAY CoseprmKallUx cepy Ff 
BHHMJIOBLIX COCIHHEHHH IJIEKTPOMUJIBHOCTh JBOHHOH CBA3H pacTeT OT BHHHJI- ff 
cyibbusa ywepes BHHWICYIbpOKCHA K BHHHICyIbpony. BunuankuscyAbpussl | 
B-HOHHBIX YCJIOBHAX IIPHCOCAMHAIOT peareHTb! TOJbKO nO mpaBuay Map- 
KOBHHKOBa B IPHCYTCTBHM KUCJIbIX KaTamM3aTopos (7). Orcioqa cmenyer, 
YTO aTOM CepbI BbICTyMaeT B HX MOJIeKyIe B KaveCTBE JJIEKTPOHOOHOpa: 


CH=cHeS-R 
M [BOMHaA CBA3b OSTOMY HOCHT, KaK HW B KMCOPOAHbIX BHHUJOBBIX 9*upax, f 
HYKJIeCOPHJIBHEIM Xapaktep. BunuscyabdpoKCHAb HW CyJsbC*OHbI MpucoesMHAIOT 
pearentnl HX nod BAMAHHeM TOMbKO IeJIOUHBIX KaTasmu3aTopoB (7 4) Hu TONbKO 
Cc o6pasoBaHvem coeqHHeHuHt RSOCH,CH,X, au60 RSO,CH.CH,X, npuuem | 
AKTHBHOCTh MIpHCOeqHHeHHA HyKseopusIbHOrTO peareHTa (H, CJIeqOBaTebHO, 
QEKTPO*HAbHOCTh ABOMHON CBAsH) pacTeT OT CysmHoKCUAa K CyEcoHy (%). 
STO CBHeCTeIbCTBYeT O 3HAYHTeEMbHO OONee BbLICOKOM IEKTPOHOAKIENTOPHOH § 
CKJIOHHOCTH CyJIbPOHHILHON Tpynnbl WO CpaBHeHHIO C CYJIb*MHHJIbHOH. 

Vntepecno Obluio MpociequTb, KaK MeHAeTCA peaKIHOHHad CnOCOOHOCTb 
3TOrO pxAa CoeqMHeHHH, eCIM MX HCMOMb3OBaTb KaK JIMeHODHIEI B peak~- 
ILM C OJHMM H TeM xe JHeHOM. B KavecTBe THEHOB OBI BELIOpaHbl WHKJIONeHTa- 
que (LI) u rexcaxnopuuknonentannen (I XLII). Yoxe pavee Opi0 u3BecTHO, 
UTO BHHWJISTHJICYIbUL pH HarpeBaHuu pearupyert c Llu IXLIII (°), a Bu- § 
HMJISTHJICYJIbOH BCTYMaeT B 9K30TepMuyeCKyi0 peakiuio c LIT u pearupyert | 
mp Harpepanun c I XIII (%). O peaxunonHol cnoco6HocTH BUHVJSTHJICYJIbpo- 
KCHJla B STHX PeaKUHAX HMYeFO He ObINO H3BECTHO, Kak, BIIpouem, HU Boobre O 
peakWMAX JMeCHOBOTO CHHTe3a C yuacTHeM a,,B-HeHACHIINeCHHEIX CYJIb(HHHJIbHBIX 
coeqHHeHHH*. 

Mb npoBesH peakUHH MexK Ly COOTBETCTBEHHO BUHWJISTHICYb(PUTOM, CyJbh- 
OKCHOM M CysbdoHom wu LIT] nau PXLUI1 no BosMomxHocTH B CpaBHHMBIX yCJIO- 
BuaAxX. B TaOn. 1 nokagaHbI Hall peSyAbTATHI C MIpHBJeYeHHeM WHTHPOBaHHbIX 
BIC JIMTepaTypHbIX aHHbIxX. PaccmoTpeHve TaOn. | NpMBOAMT K BBIBOAY, TO | 
M3yyaeMble HAMM AMeHOUNbI m0 OTHOWeHMIO K LI u EXIM pacnonarawtcs B | 
PALL, OOpaTHne Apyr Apyry. Jlelictautenbuo, III, umerouymi pagom c aHeHO- 
BOM CHCTeEMOM 3JIEKTPONOO*KUTeIbHbIe aToMb! H, pearupyer 3K3OTePMHYHO C 
BHHWJISTHJICYJIb(POHOM, a C BHHMJSTHICYAbpuAOM Tpe6yeT mpozoumKUTeIbHOTO 
HarpeBaHua, T. e. aa CH, = CHX axtusnoctb pacter B pany: X = RS< 
<RSO<RSO,. Mo orHomenuio k PXLT, umerouemy y 7Bo0iiHO cBA3H SseKTpO- | 
OTPHUaTeIbHbIN XJIOp, HMeeTCA OOpaTHad 3aBucHMocTb: X = RS>RSO>RSOz, | 
HM BHHMJISTHICyIbpul HanOoee peakuMoHHocnocobeH. PeakuMoHHaa cro- 


* EQuncTBenHaa paOora, Haliqennasd HaMH B JHTepatype, KacaeTca peakunn LITT c rucysapp- 
oxcugamu ArSOCH = CHSOAr (°). ‘ 
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YcOBHA VM BEIXOAbI NpOAYKTOB MpH AueHoBO KOHAeHcauHN CH,»,=CHX (X =C,H;S, 
C,H5SO, C2H;SO2) 


ealOnnnma. 2 


Lluxnonentaquen Tekcax s0puuksoneHTaqueHn 
} BbIXOZ B 
lero K B3ATOMY 
; ss npoqomm., queHopusty MeTOA | >-pa, | npogomx.,|BPIXOA B %| WctounnK 
mponey. T-pa, °C ae TIpo- °C eo K B3ATOMY 
MOHO- | AHazy- | Ben.* quenHomusy 
; awyKT| AYKT 
© CHS | 
if a Koma. 840 — — a KomH. 840 74 t Hactoamaa 
4 6 100—110 25 _ _- € pa6ota 
; Komp. 96 ; i ) 
é 160 14 Pees bgt |v Ed 2 100—105 Be) 64,8** () 
C,HSO 
: a Komu. 840 oH = a Komu. 840 == 
: 75—80 29 34—35 = a 90—95 35 19 Hactosujaa 
g Komu. 108 Komu. } pa6ota 
} 6 400—110 25 338—38 
Komu. 96 
} cati,so, . 
bo 2 Komu.*** 48 90 — a KomuH. 840 | -— Hactosamaa 
, > } pa6ota 
t 2 |440—150) ” 46 82 (°) 


-- * Metogbl MpoBpeyzeHuA peak: a — B 3aNaAHHOM aMNyse C MOHOMEPHLIM AHeHOM 6e3 pacTBOpH- 
fend; 6 —B 3amaasHHOH amnywe C MOHOMEPHBIM AHeHOM B cpeye AHOKCaHA (20 MA Ha 0,1—0,05 mM peareH- 
fos); 6—B aBToKsaBe c quMepHbIM LI]; e—s KonGe c OOpaTHBIM XOMORUMBHUKOM. 
~ ** Brxoypl MepecCuvTaHbl HAMH MO 9KCMeCPHMeCHTANbHHIM MaHHbIM ABTOPOB. 

*** PeakluA 9K30TEPMHUHA, TeMNepaTypa NoBblmaetca ZO 70—80°. 
Co6HOCTb BUHWJISTHJIC yJIbPOKCH La BO BCe€xX CJIYUaAx JIERKHT WocpeswHe. TakuM 
o6pa3om, aKTHBHOCTb TIpOTeKaHHA JMCHOBOTO CHHTe3a 3aBHCHT HE CTOJIbKO OT 
XapakTepa MOJApPpHsalun JBOHHOK CBA3SH AMeHopusa, CKOJIbKO OT COOTHOMIeCHHH 
B NOJAPH3 aww AX JIBOHMHHIX CBA38eH AMeHa ueHopuuia, 4TO COrlacyeTCcH co 
B3rJIntaMH Ha MexaHH3M STOW peakiHun Yepes o6pa30BaHne KOMIVJI€KCa JMeH — 
mueHodusn (*). Takum o6pasom, I XIII gomKen ObiITh aKTHBHBIM MO OTHOMIEHHIO 
K 7MeHOUIaM C 3JIEKTPOHOJOHOPHBIMH 3aMeCTHTeCJIAMH, a LIII C 3JIEKTPOHOAaK- 
UenTOPHbIMH. HeyaByo ObIJIO MOKa3aHoO, HallpHMep (ey 4TO IIpOcTbie BHHHJIOBbIe 
Ssupbi 13 Xu WatoT TIpH KOMHaTHOH TemMiMepaType aYKTbI C BbICOKHM BBI- 
XOJIOM. if apyrou CTOPOHbI. H3BeCTHO, U4TO IiIl IKSOTEPMHYGHO pearupyeT C BH- 
auskKeToHamu (°), akpHmoHuTpHsiom (1°) un Op. 

B wHautux oOfnbitax BHHHJISTHJIC YJIBOKCH WaBall TOJbKO MOHOATYKTbI 
(1,11) kax c PX, tax uc LIT: 


CH,=CH—SOC)Hs 


eC 
oO 
KY 
OS 
. Ss 
Cm care 
: Cl 
| (1) (It) 


Cl 


Tipu peaxuun c ILI] o6pasyetca cmecb KpuctasaMueckoro u 2xKuLKOrO (I) B 
‘OOTHOWIeHHH ~ 3:1, npu4em Ooslee BbICOKONMABKHH MpOyKT HMeeT, T0- 
3HIMMOMY, 3H10-KOHurypaluio u mpaBuso Anbgepa B STO peak coOmo- 
‘qaeTcs. 

IIpu peakuuu c XLII o6pasyerca (11), wmerommi y3kyl0 TOUKY NiaBleHus, 
H€ MEHSIOMLYIOCA MpH MepekpHCTaMIMsalNH, YTO CBUCTEbCTBYeT O €rO CTepH- 
ecko OLHOpogHocTu. Ilpu sTOM aaAyKTH, MoysenHbie Hamu u3 XII u Bu- 
iastuacyabuna (111) wu cynshoxcugza (11), nator pH oKuceHUH rHzporepe- 
SHCbIO alleTHa B MATKHX YCIOBUAX, UCKHOUAIONHX H3OMepH3allHiO. TOT xe 
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4°) af 


| 
2Q-ornvieynponin 1,4,5,6, qs 7-rekeaxnoponnnKsto-(2,2,l)-renten-5 (LV), Koro 


pit o6pasyeres wa TUN 1 aannngotiaieynnpona(*), 
fc) (| Cl 
| | | Cyl Gl eon 
| , ( SO Cully f ‘ SCM, 

“| ich OGyI GH yGOOOH | ch] DO hay lh aie | ‘Ch, wy 
(| - (eh46") gy («6 bp") C| 

() (i) (| (IV) Cl (Il) 
(ronas 12ae 102,87) (ita t1e72") (MAK. pH KoMnoTen 


TeMiepary pe) 


Heyanno jwymMa us nae copmeertio ¢ AsoneKkof nu ip. ('') 6piio nmoKasano, 
WTO JWT JUIBHHHVICYbona PiABHbIM TpoyKTom peakiunn ¢ XU apanete 
MULT 9KSO-CTPOCHHA, Ito KaayuLeees OTeTYyIVIeHHe OT TIpaBHia Avipjepa Opin 
OODNCHEHO VKCHEPHMCHTANDNO AOKASANHON JlerkKoH TepMHueCKOH M30MepH3a 
ILHeH COOTHETETBYIONLEPO SUAO-MONOA/YLYKTA B OKSO*, B annom evrydae, No-BH 
WIMOMY, HMeeT MeCTO 9TA Ke SAKOHOMEepHOeTh, TIPM STOM ANYKT C BUHAIITH- 
eyapdinom (111), crnresuponannnit aM mp KOMHATHON Temnepatype, oue- 
BIIUTO, THpereplreBae’ TOJUTYIO HSOMCPHAANIMIO B Mpomeece PasrOHKH PeakiMolt 
HOW CMeecH, 


IKCNeCPUMCHTANBHAA WACTS 


IULOU IKBOZITHMCYNEOHUNANMGHUHK A&A O-(2,2,1)-rentT e H- 
5 (1), 20,8 p (0,2 Mons) nunnvietiieytppoKenja, 13,2 ¢ (0,2 Mona) caexenony- 
HenHoro LALT nh GO Mit WHOKCANA, SANATHADIC B MpOLYTYIO a80TOM AMITyJIy B TpH- 
CYTCTHUH HECKOJDKUX MAJWIMPPAMMOD PHPOXHMOHA, HarpeBavinch npu 95—99? 
Jf vaca, Tloevie OTPOUKH HenpopearnpoBaBLInX HCXOMMBIX BeLLECTB WH O6pasoBaB- 
wieroesa jimMepa LITT noayueno 11,0 7 (82,38%) Let, kun, 74—75° npn 0,05 mm; 
ni L,53800, | eivinno PUPPOCKONHUHOPO,  TAYHHAIOLLETO  KPHCTA/IM3S0BATELCA 
np KOMHATHON Temneparype, 


Matizeno %: C 63,10; 63,20; H 8,10; 8,26; § 18,84; 18,97 
CohySO,  Bomneneno %: C 63,30; H 8,26; 81877 


JWT pasevienis erepeousomepnbix (1) «9,1 Pr anyKra jo6aBnaiM sdup Ha 
pacuera 0,7 Mi/P, CMeeb TipH nepeMelHBaHHn OXIA B Je IHOH BOe, H He- 
BAC THIBLITVIO ppb remare a ew M(“), Kprerajinueckas 4aeth 9njo-(?) 1 
pecuwia 68 vr (~ 73%), umena tT, Kun, 71 72° npn 0,035 MM WT, gact, 33— 
34°; noevte weap Busopannasa Tt Kun, 72 — 73° mpn 0,025 MM, 
r, gact, 36,5 — 37°, tT, na, 36 — 37°, Hatineno %: C 62,78: H 8,30: S 18,70) 

Or pacrnopennoit 5 pat WaCTH OTOPHAH PpaAcCTBOPHTe/Ib, TMocwte a 
KM Hovtyden 9K30-(/)1, Tt. KH, 62 — 63° mpu 0,025 mm (Bbixon 2 r— 22%), 
ny1,5300; d?° 1,1182; MRp Halineno 47,48; CollaSO, pprmnesteno 47,24. 

IKGO-2-9TH ACY Abd PUNKM A= 1,4,5,6,7,7a-rekcaxnaop6u- 
UM KO (2,2,1) renrene5 (I), 52 7 (0,05 mona) sannistuneympdp- 
okeWa HW 27,0 Pr (O,t Mowat) PXUTT narpepasuich B ganasinnol amnysie (aso, 
MHAPOXMHOn) B Tevenne 85 vac, npn 9O— 95°", Henpopearnposapnime por 
AYKTDLOTOPILAN DE, BASKITOCTATOK PasOAaB/CH OCHSOJIOM H pacTBOp MporyuleH (19%) 
KOJOHKY C i, Oy, Hocwe yaiennst Oenso1a B BaKyyMe nowyueno 3,65 r (19%) 
9k30-11 ¢ ,. tt, 122 122,5° (3 renrana), He MeHsOUero TeMneparypbl 1/1aB- 
JOCHMSL TOGO TOBTOPHbIX HEPCKPHCTAIINS AHH, / 


Hafineno %: Cl 56,95 


Coll yClyOS, Barinegeno % : Cl 56,45 


" 
Hip Tonnirke neent peaKino npn Temieparypax Bone LOO? TponexosWwio ocmonentt 
MPOAYRTON, CONPOBOARIMONLCEEA PASPHINOM AMITYibl} MPH OKBUMO/IPHOM CoOOTHONIeHHH pe 
PEHTOR BoIXON MOMMACAUTCS, 
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2-9tTuaAtuo-1,4,5,6,7,7a-rekcaxnopOunuKao-(2,2,1)-re- 
reu-o([II). 4,4 r (0,05 mona) Bunnnstuicyapuna u 13,7 r (0,05 mons) 
XUM sanasupi B amnyne (a30T, ru{poxuHon) u ocTaBsenpt Ha 40 panel. IIpu 
pasrouke nosyxeno 13,8 r (71%) agayxra III cr. kun. 84 — 85° npu 0,05 mn, 
24 — 125° npu 3 uM, np 1,5672 (B autepatype (°) 7. Kun. 122 — 123° npn 
mm, ny 1,5668). 

Oxkxucneune I] IV. 1,0 r 9x30-II pacrBopen np nepememupannu 

B 36 MJ acpupa, HW K pacTBopy OGaBJIeHO Ip OX1axK EHH JbAOM C Covb10 0,26 r 
79% CHsCOOOH. Ha cuesyiourmi enh 2pupHptii coi MpombIT BOLO Aas 
ylaleHua yKCycHOH KuCJIOTHI, BhICyuIeH Hal Na2SOu, aspup otornan. Tlonyueno 
0,9 r (64%) ctiporo 3k30-IV, Koroppiit Mocie nepekpucTalM3allun U3 BOLHOFO 
sTaHONa MMe T. nu. 71 — 72,2° w He JaBan enpeccHu TemnepaTypbI MaBve- 
qua c IV, nomy4eHHbim U3 BuHKASTHACyAbpoHa (°). 
' Oxucenennvelll + IV. 3 2,8r II] npu okucaenun B Tex we ycnoBNAX 
1,4 r 79% CHsCOOOH B 30 ma cyxoro apupa nomyyeno 3,22 r (97%) crIporo 
9k30-1V, KoTopblit niaBHJICA Nocle MepeKkpuctatiu3zaunn mupu 70 — 73° u He 
jlapal enpeccuu Temiepatypbi miapienua c [V u3 BuHMISTHICYAbpona. 


Viucruty? opranmueckoh xvumMuu [locrynuno 
um. H. JI. 3ennucKoro 14 II 1961 
Axajemun nayk CCCP 
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Jloxaann Axkagqemun wayx CCCP 
1961. Tom 138, Ne 5 


XHMH fl 


Uneun-koppecnonjent AH CCCP fT. A. PASYBAEB, B. H. JIATHEBA 
uv JI. HU. BbILMHCKAS 


PEAKUWHM MEPEKHCHK BEH30NJIA C NPOHMSBOAHbIMH THTAHOWLEHA 


B wale mpelpilyule paOore Obivio yKasaHo Ha OOpasoBaHHe OUCIAKIO- 
neutaivenmitutana LeTi (L) = CsHs) np Tepmuyeckom pacnaye OucHHKJIC- 
NeHTAIMeCHMIAMPeHHJITHTAHA B CHHPTOBLIX H OeH3ObHBIX pacTBopax. LlaTi 
BeCbMa peaKUMOHHOCHOCOOHOe CoeMHeHHe, JerKO pearupyioulee c ravioreHH- 
aMM MeTasJIOB, TalOHaKHJlaMHM C OOpasoBaHHem ycToMunBOrO AHXJOpHa 
TuTanouena ('). OcoGeHHO HeEOOXOAHMO OTMeCTHTh KpaHHIOlO YYBCTBUTebHOCT 
I[oTi K KucIOpox_y BOsAyxa. 

[lostTomy HaM Ka3avloCb HHTepeCHbIM IIpOC/IeHTbh B3aHMOselicTBHe OuciM- 
KIONCHTARMCHMJITHTAHA C ALLHJIbHbIMH TepeKUCAMH, KOTOPbie JlePKO paculen/ AT 
O — O-cBx3b, ABIAACh HOHOPAMH ALLHWIOKCHpaNKaJOB. 

JIevictaue mepeKkucH OeH30HJIA Ha C3HABHU-COeMHEHHA OMMCAHO TOMbKO 
Ha OJHOM TipHMepe peakuun c deppowenom. IIpH cpaBHUTebHO MATKUX ycv10- 
BUAX (B pacTBope Gex30/1a pH 78°) NpoHCXOANT NoHOe paspyuIeHne CIHABH4- 
CTPYKTYpbI H OOpasoBanne TpHOeH30aTAa Kesesa. LnKNoNeHTAaIMeHHIbUbIe Tpyii- 
Tibl, OU€BHAHO, MOJIMMEPH3YIOTCA B BbICOKOMOJIeKYJApHOe CoemnHeHHe (*), 

B Hatem culygdae ip B3anMoselcTBHA NepeKucu Gen3ona c LeTi na xonony 
B pacTBope OeH30/1a HM H30MponusoBOrO CciHpTa pacha, THTAHOLeHOBOU 
rpynnbl He Mpoucxosu. HaOsmofaocb MrHOBeHHOe H3MeHEHHeE OKpacKH pac-f 
TBOPa OT TEMHO-3eJIEHOH LO APKO-*KeJTOH; COs B TeEUEHHE peaKkILHH HE BHINMeMAICA,, 
TlonyueHublit B aTmoccbepe cyxoro a30Ta %*KeJITHI KpHCTaMueCcKMH MpolyKT 
MpelcTaBA CoOoK OKHLAeMbIN TH6eH30aT OUCUIMKJONeHTAMeCHHITHTAHNA: | 


U.Ti + (Cg H;COO), ord LyTi (OCOCgHs)e. 


ia WkentTupukaunn panee He onucanHoroll2Ti (OCOCsHs)2 6b mpoBesen 
BCTPCUHbIH CHHTe3 H3 JUXJIOpHa THTAHOLeHa HM OeH30aTa cepebpa: 


Tlojyuennpiit Takum oOOpa3oM uOeH30aT ONCILMKJONeHTaHeHWITHTAaHa OXxa- 
PaKTePH30BaH I/ICMCHTAPHbIM AHAJIM3OM, OMpeeJIeHHeM MOJIeKYJApHOrO BeCa, 
TemilepaTypbl [1laBJIeHHA HW cCoeprxKaHHA OeH30aTHbIX YTpynn (Ta6n. 1). 
[Ti (OCOCsHs)2 upesspmaiino werko rHApouMsyercA Cc pacrayqom momeKyusibt 
THTAHOWCHOBOH COJIM H OOpasoBaHHeM LMKJOMeHTaqHeHa, COM OeHsofHo!t | 
KUCJOTbI MH THTAHOBOM KACAOTHI 


L>Ti (OCOCsHs)z — 2NaOH - H,0 = 2U,H -|- 2Cs.H;COONa -- HeTiOs, 


Ipu AJKOFOM3E B AOCOJIOTHOM H3OMPOMHJOBOM CIMpTe B MpoykTax peaKkilun 
OOHapPyxKeH IMKJOMeHTaMeH, alleTOH M OeH30iHad KucHoTa. B atmocdepe 
BAa@KHOPO BO3LYXa MOJIeKYJIa THOeH30ATA THTAHOMeHa TepAeT Ba MOJIA ILMK10- 
NeHTaveHa H MOXKeT ObITh NepeBelena B AHOeH30KCHTUTaHOKCHL (3): 


H.O 
IsTi (OCOCsH5)2 —— 2L1H + O = Ti (OCOCsHs)s. 4 
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= 


BpieieHHbIh TBepAbI HeNaBKMYA MpoLyKT oxapakTepu3oBaH 9JIEMCHTa PHbIM 
aHaIM30M, a TakxKe CojepxKaHuem OeH30aTHBIX rpynn. 

Ananormunbit mpeyctaputerb coequnennii Tuna L,Ti (OCOR)s novlyueH Ha 
MpuMepe peaKUHH AHXJOpHa THTAaHOWeHAa C alleTaTom cepe6pa: 


U,TiCl, + 2CHsCOOAg — U,Ti (OCOCHs), + 2AgCl. 


OGpasyrouleeca 0 sTOH peaKkIMH xKeNTOe coetMHeHNe c T. Hu. 127 — 130° 

M10 3CMCHTAPHOMY AaHAJIM3yY COOTBeETCTBYeT JMalleTaTy OMCILMKJONeHTaMeHHI- 
‘THTaHA. 

AnKoronu3 STOPO CoeqMHeHHA B aOCOMOTHOM H30IIpomHJIOBOM cnupTe mpo 
_XOAMJ C OTIenJIeHHeM alleTaTHbIX Tpyl HM YaCTHYHbIM OOpas0BaHHeM ILMKJIO- 
| Tentajimena. B ocafok Bbinajaslo *KeNTOe amMopdHoe BellecTBO, HepacTBOpHMoe 
'B OpaHHYeCKUX pPacTBOpUTeAX, CTpoeHHe KOTOporo He ycraHoB/eHO. B_ pac- 
‘TBOPe H3ONpONHOBOrO cHupTa Obi HalifeH allerou. luypouu3 pas6apsennor 
“ILEIOUbIO TIPOXOAMA Halleo c oOpa30BaHHeM UWHKJONeHTasNeHa, YKCyCHOM H 
-THTAHOBOH KUCJIOT. 

_ Tloayyenue qu6en30aTa OucuMKNONeHTalMeHMITHTAHa Ip B3avMosencTBHH 
Wei C M€peKHCbIO O€H3OK.1a MOKAasbIBaeT, YTO, B OTIMUME OT (peppollena, CTpyK- 
“Typa THTaHOLWeHa B YCJIOBHAX peakIlMM OcTaeTca Heu3MeHHOH. IlosTomy Ka3a- 
10Cb HHTepeCHBIM MpoOceqNTh elicTBHe aALLMbHbIX TepeKucel Ha ILeHOBbIe 
‘COCIMHEHHA YeTbIPEXBAIeCHTHOrO THTaHAa. 

_ C sTo Webio Opiia MpoBefena peakina HcenuGOucUMKIONeHTaLMeHM- 
THTaHa C MepeKuCbio OeHsoua. B 9ToM Culy4ae TaKxKe IPH MATKUX YCJOBUAX 
(B pacTBope u30npomuso0BOro CHupTa NpH KOMHAaTHOM TemmepaType) MpOuCKoLHT 
HuTepecHoe BbITeCHeHHe HeHHMpaMKaJOB alMOKCH-rpyimamMu MepeKHcn: 


LTi (CsHs)a + (CsHsCOO), ++ CHsCH (OH) CH; > 
—> UsTi (OCOCsHs)2 + 2CeHe +.CHsCOCHy. 


 oOpasoBaHuemM AuOeH30aTa OnCIMKJONeHTaqHeHMITUTAaHa. DenuipalnKapl 
MepexoAAT B OCH3O 3a CUeT JerusApupoBaHUA cnupTa Jo alleToua. 

IipH cpaBuenuu U.-K. CeKTpoB alleTaTa u OeH30aTa OuCIMKIONeHTAaMeHH.I- 
THTaHa C ucxogubimu I,TiCl, u L,Ti (ChH;). Oniu oOnapyxenbi cielyroulue 
HMOMOCHI MOTOMLeHHA (B OOpaTHEIx caHTHMeTpax): I[2Ti (CeHs)2 448; 459; 606 
690; 720; 770; 822; 886; 930; 990; 1024; 1076; 1286; Il2TiCle 769; 814; 828 
$72; 880; 930; 960; 1018; H2Ti (OCOCHs)2 404; 520; 600; 624; 822; 865; 1024 
U2Ti (OCOCsHs)2 720; 830; 865; 1024; 1068; 1132. Monoch noraonjenua 822 — 
830 u 1018—1024 cm“}, xapaxtepupie jun BCex coelMHeHMh, culelyeT oTHecTH 
K kojeOaHHAM WHKONeHTaMeHHJIbHOrO KosIbILa. Ilomocy normourenua 865 cm~!, 
orcyTcTBylolly10 B creKTpe [Ti (CeHs)2 u L2TiCle, momHo oTHecTu K KoOwIe6a- 
HuAM cBA3H Ti —O. 


IKCNeEPUHMCHTAABHAA WYACTH 


' Bee onepaunu no Bpierenuiw coexunenuit LeTi (OCOR)2, rae R = CHs, 


isHs, MpoBoxHHCb B aTMoctepe cyxoro asora. 

Peakuuan IbTi c nmepekucbw G6en30uNa. K cuabHO 
DXaxKEHHOMY Oe€H30/IbBHOMY HIM cnupToBomy pactTBopy Le2Ti, nosyyennomy 
IpeqBaputembHo u3 1,66 r (0,005 mous) LeTi (CeHs)2 B 10 Ma pactBoputena, 
10 KanJiaM 2oOaBsaca pactBop 1,2 r (0,005 moma) (CeHsCOO)2. Ha6moganocn 
yeE3KO€ H3MCHECHHE OKPaCKH OT TeMHO-3e1eHOH oO ApKo-xesTOH. M3 pacrBopa 
siteeHo 0,8 r (0,002 moma) L2Ti (OCOCsHs)2 ¢ T. mut. 185°. T1po6a cmeuienna 
’ TIPHFOTOBJICHHbIM BCTPe4HbIM CHHTe3OM BeLLECTBOM TJlaBHJliach npH 186°. 

IIpu rugpoanse 0,21 r (0,0005 mons) L2Ti (OCOCsHs)2 0,1 N mesaoupso 
bijeneHo 0,12 r (0,001 mona) Gen30uHOK KuCOTHI c T. mt. 120°. 

Peakuuna LeTi (CcHs)2 c nepeKucbw Oe€H30H Ta B H30- 
i, ONHAOBOM cnuptTe. 2,0 r (0,0075 Mona) LWeTi (CeHs)2 u 1,82 r 
0,0075 mona) (CsHsCOO)2 B 25 Ma n30NponuJoBOrO CHMpTa BCTPAXMBAJIHCh 
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IIpH KOMHATHO! TemmepaType B TeyeHHe 50 4ac. BpinaBuiM pH STOM *eJITHI 
ocagtok LeTi (OCOCsHs)2 orumbtpoBan; Bec ero 1,5 r, T. ma. 188°. 

IIpu rugpoause 0,2 r (0,0005 mons) Bemectsa BpigeteHo 0,12 r (0,001 moma) 
GeH30HHOM KucHoTB c T. nt. 121°. 

V3 pacrsopa Bpilesen OecH30/1 B BULe M-MHUTpOOeHsONa (0,3 r) c T. mt. 90° 
H alleToH B Buse 2,4-quHuTpodenusrMgpasona (0,2 r), c T. nu. 126% . 

Tlonmyuenne IeTi(OCOCsHs)2. 3,0 r (0,012 mona) WeTiCle u 5,53 r 
(0,024 mona) CseHsCOOAg B 60 Ma Gen301a IpH KOMHAaTHOM TemmepaType mMepe- 


MeWWHBaslucb B TeveHue 10 — 15 mun. Ip 9ToM OKpacKa pacTBOpa H3MeHAMACh | 
OT KpacHoil lo opanKeBo-xKeTOH. M3 pacrBopa pu pasOaBJleHHu MeTpoeiHEM | 


apHpoM Bpiltaso B ocagoK 2,0 r (0,0047 moma) W2Ti (OCOCsHs)2 ¢ 7, mu. 188— 


192° (c paan.). BentecrBo XOpoulo pacTBOpHMO B OeH3OVIe, XJIOPHCTOM MeTHVIeHe, | 


xslopopopMe; MOXO pacTBOpHMO B CIMpTax, MeTpovieliHom apupe. Jlanupie 
QeM2HTapHOro aHaJid3a, MOJIeKYJIApHoOro Beca HM THApoOMM3a Ha ComeprKaHHe 
6eH30aTHEIX TpyMN MmpHBekeHbl B Tad, 1. 

A nxoroaus LeTi(OCOCseHs)2, Il]pa uactuuHom ruf~posmuse 
Il2Ti (OCOCsHs)2 BbileeHo 2KeITOe HeMMaBKOe BellecTBO. 


Hatteno %: “C 64,70; 359s Ti416,36 
CyoHyoTiOs. Bauucneno %:C 04,90; H 3,26; Ti 15,70 


1,0 r UeTi (OCOCsHs)2 (0,0024 mona) c T. na. 188° B 53 Ma H30NponHso- 
Boro CIIMpTa B TOKe CyXoro KHCOpoa BbILepKUBAIOCb B TeveHHe 3 ac. Tipu 0°. 


PeakiMoHHad CMecb pazornana. B morone onpesesen alleTou (0 o6pa30BaHHw | 
2,4-1MHUTpopeHHNruypazso0na) HM WHKJoMnentaquen mo oOpasoBanuio CsHsTl c | 


TaJIMeBLIM peakTHBoM. Bpireneno 0,35 r (0,0013 moma) CsHsTI. 
Tlonyueu ne ‘IeTi (OCOCHs)2. 2;5 r (0,010 Moma) UeTiCle u 5,0 r 
(0,030 moma) CHsCOOAg B 60 ma Gen307a NepememmmBanuch 15 — 20 MuH. npu 


KOMHAaTHOH Temmepatype. PasOaBeHHeM MeTpOJeHHbIM 2PHpPOM Bbiemeno 0,7 Fr | 


(0,0024 mona) LeTi (OCOCHs)s c T. na. 127 — 130° (c pa3a.). BemwectBo Xo- 
pollo pacTBOpHMO B OeH30JIe, XJIOPHCTOM MeTHJIeHe, XJIOpopopmMe, H30nponu- 


JIOBOM CMHpTe, MJIOXO pacTBOpHMO B MeTposieliHom apupe. Ha Boslyxe pa3ula- | 
raeTch C BbIesIeHHeM YKCYCHOM KuCJOTbI. JaHHbIe 9JIeMeHTapHOrO aHaJH3a | 


IIpHBeseHb! B Tad. |. 


Ta6Oauna 1 


ONeMedTapHbllt - 
aHanH3 *, % Mow. Bec Conepx. atua- 
(Kpuo- T-pa ma., °C | oxcurpynn, 
C Ean eKons) OT cae MOuIb 
I2Ti(OCOCsHs)s 
Haiizeno 67,71 5,0] 44,2 | 440 {88—192 NG 
c pa3a. 
Baaueseno 68,0 I) Somat 4 420, 
I[,Ti(OCOCHs).s 
Haiineno 57,3 | 5,6 |:46,2 127—130 1,8 
c pasa. 
Buuncieno 06,8 tye |) illo) 


* TIPHBeAeHLI CpeqHue u3 CXOAAULUXCA PesYAbTATOB ananu3a. 


Anxoroauns3 IsTi (OCOCHs)2.0,88r (0,003 mona) LeTi (OCOCHs)s 


B 20 MJI U30NponuAOBOrO CHUpTa IIpH KOMHATHOM Temnepatype B ToKe cyxoro | 


a30Ta BbITepxKAHBAIOCh B TeEUCHHE HECKOJIbKHX UaCoOB. IIpu 3TOM H3 pacTBOpa 


sabes le HenwaBKul ocazoK (0,32 r). Hatimeno %: C 43,47; H 6,36; 
POST 


1128 


BemlecTBo He paCTBOpHMO B OpraHH¥eCKHX paCTBOpHTeJAX, paspyulaeTcA 

IpH leHCTBHM Uleslo4n. 

_ B pacrsope onpegeneno 0,005 Moma yKcycHol KucJoTEI. Kpome Toro, BBI- 

eneno 0,12 r 2,4-quHuTpotbenHarusApasona alleToHa c T. nu. 126° u 0,2 r 
CsHsTI. 

| Ilpu rugpomuse 0,46 r (0,0015 moms) LleTi (OCOCHs)2 0,1 N KOH ompeze- 

exo 0,0027 moma yKcycuou KucsoTH, 0,15 r HeTiOs u WaksonenTaqnen. 

| Astopbl BbipaxkaroT OjarofapHocts T. B. Tycesol 3a npoBeyeHnue aemeH- 

_TapHoro aHavn3a. 


H Hay4Ho-HccJleqoBaTesIbCKHH MHCTUTYT XMMUK Tlocrynuuio 
__ pu Toppkosckom rocyjjapcTBeHHOM yHHBepcuTete 20 II 1964 
t um. H. MH. Jlo6auesckoro 
\ A IMTMPOBAHHAS JIMTEPATYPA 
1T. A. Pasysaes, B. H. Jiataesa, J. HW. BumancKaa, [AH, 134, 
612 (1960). 2 ocaxxep, P)KXum., 1959, Ne 22, 78502. * J.D. Varma,R. C. Me- 


“hrotra, J. Pract. Chem., 8, 64 (1959). 
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Jloxxayn AkagqemMun nayk cccP 
1961. Tom 138, Ne 5 


XHMH A 


Unen-Koppecnonjent AH CCCP A. f. TEPEHTbEB, 
HM. f. MOUAJIHHA « E. fF. PYXAJISE 


NOJIMKOHJEHCAULMS HA FTPAHHLLE PASAEJIA ®A3 


TlouvamMuybl OTHOCATCA K THMaM NO/MMepoB, KOTOpbie Jerge BCerO MOryT 
ObITb MOJYYeHbI NOMKOHJeHCalMel HarpaHuule pasfesa cas. QTOT METON Obl 
npegvioxen YuTr6exepom u Mopranom. (1) u, Kak oTMeuaioT aBToppl {*), O62a- 
JlaeT PAOM TIPeMMyHeCTB TO CPaBHeHHIO C PaHee MPHMCHAeCMBIM MeTOJOM TIOJIH- 
KOHJe€HCallHu B pacnwaBe. B HacTosee BPpeMA STOT ME10] THLATeJIbHO H3y4aeT- 
CAC TeOpeTHYeCKOl TOUKM 3peHHA; BbIACHAeTCA BMAHHe pa PakTOpOB Ha 
BLIXOJL NOJIMMepa, BeJIHYMHY MOJIeKY/IApHOrO Beca HM BASKOCTb. HauOomee cyuie- 
CTBCHHBIM H3 HHX OKasamucb (*°): mpuposa opraHuyeckoro pacTBOpHTeJsA, 
IIpUpoa 2MYJIbraTOPOB, KOHIWeHTpallMA peareHTOB, MpoBeyqeHve Mpowecca c 
MepeMelIMBaHvem WIM 6e3 MepemermMBaHHa. TereporeHHbii mpowecc Mexk«da3so- 
BOH HOJIMKOHJe€HCAalHM JiexKUT B OCHOBE NOJYYCHHA COXKHbIX NOJMIPUPOB, TO- 
JMAaMHJLOB, MOJIHypeTaHOB, MOMHCYyIb*POHAMUAOB WH ApyrHxX reTepOwWenHbIx m0- 
JiuMeposB. BumauH c corp. (°) nonyavan 13 nommMaMuyoB pa3sJIMYHOM CTPyKTypbl. 
Tipu 9TOM OHM UCHomH30BaIN anMdatTHuecKHe, apoMaTHYeCKHe HIM aJIMIUMKJIA- 
uecKWe JHAMHHbI HW JUXJOPaHrHApHAb! WHKapOOHOBbIX KHCJIOT KH MepBHYHbIec U 
BTOPHUHBIe JMaMHHbI. 

Hactosmaa pa6oTta nmocBaujeHa CHHTesy NMowMaMuya M3 WMXOpanruspusa 
NMPHAHH-2,6-1H4KapOOHOBOH KUCJIOTbI HW reKCaMeTHJIeHIMaMHHAa MeTOJOM MexK- 
(bas0BOH MOWIMKOHJeHCAaLMM HM W3YYeHHIO HEKOTOPbIX ero (PH3HKO-XHMHYECKUX 
CBOHCTB. 

IIpouece mpoBoxquaM B XHMH4eCKOM CTaKaHe IPH KOMHATHOM TeMMepatype u 
NepeMeliMBaHHH. PeakWHio MOJIMKOHJeHCallMA WUXOpaHruspHaa NMpHAMH-2,6- 
MKapOOHOBOH KHCJOTHI C TeKCaMeTHJICEHMAMHHOM MOXHO W300pa3HTb cJleny- 
}OUuleH CXeMON: 


NS — \ 
+ NHo(CH»)pNHy ——> 
cioc-l Yeats. ze HNC | 7—C—NH—(CH- (1) 
N 


CH;COONa+3H,0 18) O 
ny ies ’ 
a,CO3 
NaOH 


B kKavecTBe MCXOJHOrO BelLeCTBA JWI CHHTe3a TOMaMNa HaMM Oblia uC- 
MNOJb3OBaHa JIYTHAMHCOJepxKalad P-NMKOMMHOBAA pakuHsA, ABJIAIOULAaACA OT- 
XOOM XMMHYeCKOrO TPpOHSBOACTBAa TIpemapata druBasusa (’). 

uxopaHruipug nmMpHyMH-2,6-quKapOoHOBOH KHCJIOTHI, MOyYeHHEI KH- 
NAYeHHEM IMMPHAMH-2,6-7u4KapOOHOBOM KUCJOTBI C XJOpHcCTEIM THOHHAOM (8), 
pacTBOpAH B OeHsOule, a CBeExKeleperHaHHbili reKCaMeTHJIeHMaMUH COOTBeT- 
CTBCHHO B BOJHbIX PaCTBOPaX YKCYCHOKUCJIO‘O HaTpuA, KapOoHaTa HaTpuA Ui - 
eqxoro HaTpa. B kaxkqom clyaae c MOMOMIO JaMMOBoro MoTeHuMOMeTpa JITI-5 
usMepsn PH ocaxjeHna nowmamuya (pH coorgerctBenno paBuo 3, 7—8, 10). 

IIpu nmpocrom ciMBaHMM yKa3aHHbIX pacTBOpoB Ha rpanune pasyena o6pa- 
3yeTCA MOJMMepHasd IJIeHKa, KOTOPas MOKET ObITb BLITAHYTa CTeKMAHHOH ma- 
JOUKOH B Bue HATH. IIpH npoBeseHHH xe peaKILMH Cc TepeMeLIMBaHHeM OCaOK 
NOJMMepa OOpasyeTcA BO BCeM O6beme pacTBopa. Iloce dunbTpoBaHua TIpo- 
MBIBaHHA BOOM BbILCIANH NOWMAaMU B Be Oenoro nopomKa, KOTOpHIi pac- 
4130 " 
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SsupoM U3 MHpu_MHOBOoro pacTBopa. 

_ Bpi0 npopeyeHo u3smepenne BasKocru pactso- 

_ PoB NOWMaMuja B KOHWEHTpHpoBaHHOli cepHoti 

_ KuCcsoTe u AMMeTHJPopMaMuje BHCKO3HMeTpoM ‘alg 
| Y6Genoye npu 20° (% 12), 

| YjebHad BASKOCTB KaKJOorO oOpasua nowH- 
aMHfa, BbILeICHHOTO Tp pasHbIX 3HayeHuAX pH, 
paBuErx 3, 7—8, 10, oKxasganacp OJMHAKOBOH. 

_ Wlouwmamuy xapaxtepusyerca YAeJIbHOH BHA3KO- .025 
CTbIO, paBHOH 0,323 npu KOHUCHTpaunH noOMamMuya 

B KOHUCHTPUPOBaHHOH CepHoH KucsoTe 0,5 1r/100 Ma 
_pacTBopa, HM mpuBexeHHoit Jorapudmuyeckoll, BbI- 0 2 40 60 80 100° 
“auceHHO 110 dopmy.e (°) - 
bh \ im In Norn 


ie ~ @ 


= 0,560. Puc. 1. Tepmomexanuueckas 
KPHBadA NOJMaMiiga 

| YjenbHasr w Jorapucmuyeckast BasKocTH NOJMaMula B pacTBOpe juMeTHW- 

MOpMaMuyla W3MepeHbl MPH PasHbIX KOHMeHTPaNAx momuMepa. Pe3syaprarsi 

IIpHBeeHbI B Tab. |. 

Ha ocHoBanun ypapHenua Xarruuca (*) MbI OWleHH AH cpeqHHii MOJIEK YJIAp- 

Hb Bec HomMaMusa NPHOJM3UTebHO paBHEim 20000—30000. 

_ TepMomexannueckaa kpusan, H3MepeHHad Ha Becax KapruHa uw xapakte- 

PHS yloulad Tp COCTOAHMA NowMMepa, u306parxKeHa Ha puc. 1. Cuatu.-K. cneKtp . 

e NOrOMleHHA, YKa3bIBaIOULHli Ha HastMuHe 


Tao6auna 1 N—H- u C = O-cpaseti. Uactora N—H 


3352—3378 cm”! vw yacroraC—O 1652cm-!. 
b ENDO sas ty 7 | Gaor Ha puc. 2 (cm. BKJIeHKy K cTp. 1084) 
Dy  pspa 


MpewcTaBieHa  peHTreHorpamMa  nown- 
aMufla, H3 KOTOpOH BHJHO, 4YTO CHH- 
0,033 0,322 TE3HPOBaHHOe CoeHHeEHHe UMeeT [a30- 
0,113 0,933 KPHCTaIM4eCKyIO CTpyKTypy. 
Hapa hace Ilockobky B paccmMaTpuBaemom nown- 
aMH Je CoepxkaTca (PYHKUMOHAJIbHBIe Fp yi- 
MMpOBKH, KOTOPbIe MoraM Obl jaBaTh XenatHple y3JIbl C MeTaJaMH, mpo- 
RepeHa CNOCOOHOCTh NOsMaMHa pearupoBaTb C COMAMM MeTamIOR. aa 3toro 
MpoBeseHa MOJMKOHeHCaLHA AMXNOPaHrupHa MMpuAWH-2,6-7uKap6oHoBoll 
KUCJIOTHI C TeKCaMeTHeHIMaMHHOM B TipHcyTcTBuH cou Fell. IIpu stom Bpine- 
“eH TeCMHO-KOPHYHEBHI BASKHI MpOAyKT, HanomuHatouLuii pesuny. 


Tloctynuas 
13 IIT 1961 
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Jloxaagn AxagemMun nayx CCCP 
1961. Tom 138, Ne 5 


A. B. ®OKWH, A. A. CKJIAQHEB u akayemux HU. Ji, KHYHAHY 
PEAKULMM ®TOPOJIE®HHOB 


B3AMMOJEMCTBHE ®TOPOJIE®HHOB C CEPHHCTbIM BOJOPOJOM 


Pan peakuMit dToposiepuHOB C SuIeKTPOPUJIbHBIMM BelllecTBaMH (TaJOMAbh 
(bropanKUJrasOreHufbl, PTOPHCTbIt HHTPO3HJI, OKHCJIbI as0Ta), a TaKKE peakl 
IHU MOJMMepu3allnu H A pyrve MpoTeKaioT M0 payuKasIbHOMY MeXaHH3My HU Tp 
. 6YIOT MOABOLa SHEPIHU MIA TOMOJIMTHYECKOFO PacienJIeHHA peareHTOB HW Mp 
OOJIeHHA SHEpreTHYecKOorO Oapbepa B BHJe Tella HH CBeTa HIM OOaBOy 
KaTaJIH3aTOpOB. ITH OCOOeHHOCTH @TOpOMePHHOB, MO-BHJHMOMY, CBA3aHbI 
3JICKTPOHHbIM HCTOULEHHeEM UX N-CBA3H, BBISbIBACMBIM CHJIbHOH 9JIeEKTPC 
OTPHILaTeIbHOCTHIO (TOpa, BCJIEACTBHe YeroO ATOM! yrviepofla, CBASAHHBbIe BOY 
HOH CBASbIO, ABJIAIOTCA B H3BECTHOM CTeMeHH paluKaJH3HpOBaHHbIMH. B ce 
OTBETCTBHH C 9THM IIpeNONO*KeHHEM PTOPOMePUHbI LOJKHbI CpaBHUTeJbHO rial 
KO pearHpOBaTb C JlerKO paHKaJIM3HPylOWIMMHCA areHTaMH M payuKason¢ 
JOOHLIMM MOovieKyslaMu. B 9TOM cBeTe OCOObIN HHTepec mpMoOpeTaeT BorIpoc C 
OTHOIMeHHH MepdhTopose@uHOB K CepHUCTOMY BOJOPOLy, KOTOPHIii NOL BAMAHHE) 
PpasIMYHBIX (aKTOPOB JOCTATOUHO JerKO NOABepraeTCA TOMOJIMTHYeECKOMY pat 
WeNJIeHHI0. 

IIpucoeqvHuTb CepHUcTHIit BOOpOox K TeTpadTopsTuseny, TPHTOPXsOp 
STMeHY, NepdhTopnponuseny u NepdtTopus06ytuseny, ake mp Temnepatyp 
180°, B OTCyTCTBHe KaTamM3aTOpoB He yyaeTcax. B mpucyTcCTBMM BellecTB, Ki 
TaJIM3Hp YIOWMX MIpHcoeqHHeHve THOMOB K bToposedunam (1) (eqKknH HaTp, cnu 
TOBaA WleOUb, Cepa, MHPHAMH), OOpasyeTca CIOKHAA CMeCb MPOMYKTOB Mp) 
COeIMHCHHA, H3 KOTOPOH BbIJeHTb HHAMBUAYaJIbHbIe BelllecTBa He yyaerTc! 

IIpucoeyqunenne cepHucToro Boxopoza kK TeTpadTopsTumeHy u TpHudTo} 
XJIOPSTHJIEHY ObIIO OCYIECTBJICHO HAMH B YCOBHAX (POTOXMMMYeCKONH peakIH) 
BbI3bIBACMOH YJIbTPpapHOJeTOBLIM CBeTOM. 

@otToxumuyecKkoe passoxKeHHe CepHUCTOrO BOsOpoxa Mok BAMAHMeM ya} 
TpaduoneToworo O6y4eHUA ObIvIO ycTaHOBJeHO SBepu uw Dop6com (°), usyaal 
WIMMH STY PeaKI{HIO B pacTBOpe Cyxoro YeTLIPeXxXOpHCcToro yrviepoga 


H.S + hv > He + -SH, 
H- + CCl, ~ HCl + eCClg. 


——— 


Iloqo6Horo poga 3aMenjeHue aTOMa XJOpa B YeTHIPeXXOPHCTOM yrmepore ABU! 
€TCA OHO H3 XOPOWO U3YYeHHbIX peaKUMH aTOMapHoro Bogopoga. IIpucoen) 
HeHWe CePpHHCTOFO BOLOpOa K MpOCTEIM OJe*uHaM, HampuMep OyTuvleHy, WMA) 
JIMJLY, XJIOPUCTOMY BHHUJY, B YCIOBHAX YJbTpaduosetoBoro oOmyyeHHA Bell! 
K OOpasOBaHHiO MepKallraHos v THOSupos (*). Bo Bcex cyaaax aTOM CepbI Tp! 
CoeAMHAeTCH K aTOMy yrvlepofa, HecyleMy Oosbiee YHCNO ATOMOB BOOpO, 


CH; = CHCl + -SH + HSCHs— CHCI. 


IIpu oOnyuenuu SKBuMOMApHOH cMecH TeTpapTopsTuneHa u Ce€pHHCTO) 
BOAOpola B IPHCyTCTBUM CeqOB aleTOHa (CeHcHGHNMsaTOp) peaKUMA B TeU 
Hue 4—6 yac. IpHBO_UIa K OOpas0BaHHIO CMeCH MpOLyKTOB TipHcoeqMHeHHA 
OOULHM BEIXO0M Oomee 90%. IIpH 9TOM B Ka¥eCTBe OCHOBHBIX MpOLyKTOB pea 
UHM O6pa3yroTca 2-MOHOrHApoTeTpadropsTuiMepKalitaH Hu 2,2’ -aurHuyponeppre 
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(THCY AbPAL B cooTHOWeHMH 2: 1. B cayuae pBoHoro u36bITKa OneduHa 
THOCHTeJIbHO CepHHCTOrO BOsOpora BbIXOA Cymbduya coctaBsAeT Gosee 70% 
M MOJHOM OTCYTCTBHH MepKaliTaHa. Kpome Toro, B HeOOJIbIIOM KOJIM4eCTBE 
OpasvercA CMeCb BbICOKOKHNAUIMX MpOAVKTOB TemOMepH3alMn TeTpadTopstTu- 
JieHa, HHHWMHpyeMOl palMKasbHbIMH YaCTHILAMH CepHuCTOrO BoOOposa. 


HCF,CF,SH 
i 
‘CF, = CF, + HSH >HCF,CF, — $ — CF,CF2H 
H (CF;),,CFsSH 


fy 
_ B cayyae TpuptopxsopsTHieHa peakUHA, OCYIeCTBJIAeMas BTeX 2Ke YCNOBUAX, 
| mpuBogut k 1,1,2-Tpudrop-2-xsopsTHaMepkKantaHy, 2,2’-auruapo-2,2’-quxs0p- 
HepTopAusTusicyibpusy u 2,2’-qHruspo-2,2’-nuxnopnepPTopAMSTHJINC ysb- 
duny (tad. 1) 


4] 


HCE CICF.SH 


a 
Ee HCFCICF, -~ $ — CFsCFCIH 
ss 


CrCl — CF, HSH 
— HCECIOR = S=-S2CECECH 


ay 


H (CFCICF,),SH. 


4 YCJOBUA MPHCOeAMHeEHHA CepHUCTCro BOZOpoya K cToponeduHaM, XapakTep 
 HOyualonuXcA MpoAyKTow (HM B epBylo Ovepesh TemOMepos), a TaK2Ke MHOFo- 
UNCJICEHHbI€ CydaH B3PbIBOB BCJIeEACTBHe BOSHHKHOBeHHA WenHOH peakilHH, 
JyKaT CBHJeTeIbCTBOM paHKaJIbHOrO XapakTepa peaKlHH. 


H,S -> HS. Lee 
HS. + CF2 = CF, > HSCF,CF2e, 
HSCF,CF2e++ HSH — HSCF,CF2H + °SH, 
CF, = CF,-+ «H > HCF.CFee, 
HCF, — CF;- + HSH > HCF,CF,SH + «H, 


HCF,CF.SH > HCFsCF2Se-+ +H, 

HCF,CF)S«- CF, = CFz > HCF,CF,SCF2CF2e, 
HCF3CFsSCF,CF,--+ HSH — HCF.CF2S — CF,CF, — H+ «SH, 
HCF,CF,S+-+ HSH — HCF,CF2SSH -¢ +H, 

HCF,CF,;SSH-+ CF)= CF, > HCF,CF,SSCFsCF2H 


| B cay4ae HeCcHMMeTpHUHO MOCcTpoeHHOro NepdToposeduna, HampHMep Tpu- 
_ @TopxsopaTuseHa, HMeIOTCH [Be BO3MO?KHOCTH IIPpMCoOeMMHEHHA CePHHCTOTO BO- 
jopona c OOpa3s0BaHvem TpuPpTopxXJOpsTHJIMepKaliTaHa 


HSCFscFCIH (1), | HCF2CFCISH (II). 


TpudtopxsopsTuiMepKartaH, uMeloulMi cTpoenue I, npw B3aMMOJeHCTBHH 
BOAO Mor MpuBecTH K O6pa30BaHuIO (TopxsopTHoHyKcycHoh KucsoTHI IL, a 
Tipu crpoenuu I] B pe3yabTaTe rugpomusa cef0BaO OxKNLATh OOPasoBaHHA 
u@tTopTtuonykcycHor KucsoTE 1V 

Va Va 
HCFC] —C (III), HCF2C (IV). 
OH OH 


Tlonyyenue TopxopTHOHyKcycHOH KHCJIOTbI B KawecTBe €HHCTBeHHOrO 
IpOLykTa ruspomu3a TOpXJOpSTHJIMepkKalTaHa ABHOCh TNOTBEPAKeHHEM 
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TOPAAKA NPHCOEAUHEHUA CePHUCTOPO BOAOPOAA K TpHPTrOpxXsOpsTHeHy, CydEp= 


THAPHJIbHaA Ppynla KOTOpOrO NpHCoeAHHAeTCH K «HAaHOOVIee (PTOPUpOBaHHOM 
H MeHee OTPHILaTe/IbHO TOJIPH3OBAHHOMY aTOMY yrvlepoya. 

Anasornuno Boe elicTBHe AMHHOB, CHHPTOB H MepKanTaHoB Ha HOBbIe 
B-MoHOorHAponepdTropMepKantanbl MPUBOLUT, COOTBETCTBEHHO, K  SaMeLLeCHHBbIM 


aMHjlaM, XPHpaM WH THOSPNpaM THOHYKCYyCHbIX KuCcVIOT, BO BCeX STHX peak | 


WHAX MOHOrHporepPTOpMepKanTanbl PearupyloT KAK CMCLUIAHHBIE AHPHJPHJbl 
O-LUPTOP alKAHOV1A KH COPHHCTOLPO BOLOPOA, OHH ABIISOTCH CHVIBHO ALLWIHP VIOULH= 
MH areHTaMy, MOJOOHbIMH HCCeLOBANNbDIM patee f-HUTpPONepPpTopaiKH/MATpPH= 
TaM ('), NpHyeM BO BCEX CLYGANX PCAKILNA OCYILECTBIMETCSH SaMeuLeHHeM (propa 
y G-yruieposqnoro aToMa C MOCJIELYIOULHM OTULeTWIeHHeM (bropHeToro BOLOpoa 


HY) : 

CF3H — CFsSH ——-> CF,HCF (Y) SH — CFsH — C j 
TE Noe 
(Y) 


rye Y = OH, OR, SR, NRg u ap. 
KOHCTAHTHI BELLECTB, NOVIYYEHHBIX B pesybTaTe rpeapauenuit b-mMonornz- 
ponepipTropMepkantTavoB, yKasaHbt B Tab. 2. 
Ta6uuna 1 


Hatpeno, % Bomineneno, % 
Popmywa IT. KuM., 20 20 ne. Lets ‘ ae See 
peujecrha °C (mM) “h “Dp 
F Cl S Vy | Cl | S 
at 1.4910 1, 8230" 57,70 — 24,60 7,10 -— 25,00 
100—102 1, 6240 1, 8280 4,88 {3,74 64,95 . 13,68 
, 4 (4 14750 1, S880 88,43 28,96 21,00 37,87 23,69 21,26 
S(CFyCFCIH), 71,5 (60) 1, 6850 1, 8920 42,83 | 26,80 13,71 42,59 | 26,58) 41,06 
So(CFy»CFCIH), 70 (2) 1, 7496 1,410 88,50 | 28,00 | 20,67] 988,20 | 289,801 24,40 


“dy WV np onpexessiwineb Np Temnepatrype 0°, 


Ta6Omuna 2 


Haiijeno, % Bormneneno, % 
cbopmyvia T. KUM, pu) 20 ee SR ETE SALES TES | 
BenjectBa °C (MM) bal | wy aa |e y 

F Cl S RF | Cl | S 
, 70 (5) 1, G88 1, 4880 45,20 —_ 28,50 | 88,98 _ 27,85 
) 48 (3) 1,470 1, 4820 15,02 —_ 26,00 | 14,90 a 24,00 
) 04 1,834 1,4012 30,84 _ 24,40 | 80,20 — 25,40 
oF 105 1,180 1, 3888 27,76 23,46 | 27,20 = 22,80 | 
2F 59 (60) 1,827 1,4726 13,42 | 28,86 | 22,76 | 19,42] 24,01 | 22,46 
sE 71 (60) 1,246 1, 4636 14,40} 22,72) 410,04] 18,20 | 22,60). 20,40 
sF 84 —83 (28) 1,162 , 11,4572 ,&b 20,88 ’ {0,28 1), 80 noe 
1 86 (5) 1,064 1,464 8,46 | 16,08 8,02] 16,65 -- 
I 70 (10) 1,148 1, 4970 28,07 {8,70 | 22,76 ~- 19,60 
iI 98 (7) 1,199 { 6220 12,00} 17,20) 416,07} 10,86] 19,84) 47,44 
a ICOCH, HH (A) 1,358 1, 8869 24,60 20,80 | 24,60 we 20,6 
PF SOCOCH, 60 (2) 1, Sb {, 8085 11,80 | 20,40 17,80 11,16 | 20,80 18,75 
HCF,CSSC,H, 80 (60) 1,204 1, 4000 24,60 40,40 | 24,40 — 41,00 
HCFCICSSC,H, HO (40) 1,880 1, 4885 10,29 21,70 : 11,05.) 20,68 - 


lakuM O6pasom, UB CyYae NpHcoeAMHeHHsA cepHueroro BOLOpoAa K (prop- 
ovlecbHHaM, HCCMOTPHA Ha PAaMKabHbI XapakTep peakuun, HaGmOoNaeTes onDe- 
ACNCHHbIM TOPs LOK NpPHCOeHHEHHSL, 

Hoviyyenupie a-propruonp sBsnoTes YCTORMMBHIMH COCMHCHHSIMH, Tlepe- 
TOUAIOULUMHCH C He38HaUHTeIbHbIM PaAsMOXRKCHHEM, B TO BPeMsH Kak KHCLOPO)l= 
HbIe aHaJIOPH STHX BeLLECTB HeH3BECTHDI. 

Jlo Hactosimero uccneqoBanust ObWIM ONMCAaHbt ToHKO ABA TpeCTaBNTe IA 
lepPropTuoson — TpudropmerHa- 1 nepProprponmiMepKantanbl,  novlyueH= 
Hble X ascevibAMHOM H Kyyom B 1953 POLY NPM LECATHHEBHOM OGJTYYCHHH YJlb= 
TpaPuoOeTOBLIM CBeTOM rekcaTopAUMeTH II: 1 OucnepPropnponmacy LHL. 
© PTYTHIO H Nocueyoulel O6pa6orKe O6pasyloujeroes MepKaNTHa XJOPHETHIM 
Be 


A 3 

janopomomM mp 90° B sanasnHHol Tpy6Ke (5). 

. He, hy HCI 

— Hg (SCFs)3 ——--> CF,SH. 

—HgCl,y 

Mucpakpacuniii cnektp TprdTropmeruamepkaritana, uccesOBaHHbtl JMHin- 
Hu (°), MoKasan HaiMune CooTRETCTBYIOULHX CYJIb(PrnApHbHOH rpynne Kovle- 
Gaunt B oOnactu 2618 cm™', Mudpakpacupie cnexrppl NOYYCHHbIX Hamu 
| B-monoruzponepdrop- n B-MOHOrHAPOTpUTropXxOPSTHIMepKanTaHoB CoLeprKaT 
_ APKO BbIPAKeHHbIe NUKH 2608 H 2612 cm” !, xapaKTepHple AIA CyEbruspHi- 
‘Hou rpynnpt. 


(CFS) 


{ 


Tunmopoh skcnepumeut* 


1, [lpucoequnenne cepnucroro Boxopona kK TpupTropxsopstuseny. 20 r 
“Tpupropxsopstusena u 6 r cyxoro cepHucToro Boxopoxa B lpHCyTCTBHH 
‘Skane alerona oOsly4aiuch B sananuHoll KBapleBOH aMIywJIe pH KOMHAaTHOI 
_ Temnepatype 6 vac. pryTHO-KBapueBol wamnoi Tuna IIPK-2 momHoctp10 375 Br 
¢o cpetneh jinnol Bomb 3650 A, OxnaxKjennasd ammywia BCKpbIBaJach. [Ipo- 
AYKTHI NpHcoeynneHHA B KOHYeCTBe 26 Pr (BLIXON 100%) (PpakUHOHUPOBAaJINCL. 
5 bie ICH I! 
a) 2,2-spropxuop-1,1-andropstHimepKantan, x*HKOcTH, T. Kun. 64°, 11 r 
42.5% of o6ilero KovIMuecTRBA. 
6) 2,2'-Urupo-2,2'-,UXNOpHepPropAMITHICY EPH, *KHKOCTH, T. KH, 71,5° 
(60 mm), 2,6 r, 10% or o6mero KounuecTRBa. 
— B) 2,2'-qurngpo-2,2'-7uxnopnepTopAMITHIAUCYHPHL, BAIKAN XKMALKOCTH, 
Kum. 70° (2 mm), 8 r, 31% or o6mero KovHUeCTBA. 

2. 7 r 2,2-bropxuop-1,l-audropstuimepKantana o6paGatpiBauch 1,8 r 
} BObI (ABYKpaTHbI U36bITOK) MPH HHTeHCHBHOM NepeMeMIMBAaHHH HW OXWAKe-- 
“Hun. Peakuwonnast Macca BpijepxKuBaach B TeveHne 30 Mun. pH 70°, Macns- 
HUCTAA HRAAKOCTH OTICMAMACH OT BOLHOFO C/O, CYMIMMACH MPOK aJIeCHHbIM Cep- 
HOKMCIDIM MarHneM, (pakuHonNpoBaach. Bpiyeneno 1,6 r dbropxuoptHonyK- 
cycHoli KucHoTHI, T. Kun. 43° (3 MM), BbIXoA 18% oT TeopeTHuecKoro. 
Pa 3. 13,5 Pr 2,2-propxuop-1,l-quropstuimepKantana pw MHTeHCHBHOM Tle- 
‘peMeniMBanHM M OXNAKLeHMM OOpabaTHIBAINCh SKBAMOMAPHbIM KOMIHYeCTBOM 
STHOROFO CHHpTa; peakUHOHHas Macca BbIepKuBAACh mpH 100° B TedeHne 
fT vaca, OxMaK aac, MPOMbIBaNIACh PacTBOPOM OuKapOoHaTa HaTpusA, BOLO, 
OTMeMANACh OT BOAHOPO COA, CYWMMMACh NPOKAJeHHbIM CePpHOKUCIbIM MarHHeM, 
(Pak MOH PoOBaNacn. Bpiqenten ¢ BHIXOOM 66% sTHOBbIit sup cbropxwopTH- 
OHYKCYCHOH KUCJIOTHI, *wUAKOCTH, T. KHIM. 71° (60 mM), 
4. 4,4 r 2,2-propxnop-1,l-nndropstuimepKantana, pacTBopenHoro B Cy- 
“XOM a:upe, IPH HHTCHCHBHOM TepeMelLUIMBAHHH MU OXVIAKCHUH OOpabaTHIRAIMCh 
8,4 r (u9THNIaMHHa B Xpupe. Temnepatypa peakUMOHHoli MacchI LOBOHVIACh JO 
KOMHATHOH, ropruypaT MaTHAMHHA OT/HIbTpPOBHIBAICA, IpUpHbtit pac- 
TBOp ynapuBacsn vu pakiHonHposBasica. Boijeneno 2,7 r justTuviamuya dprop- 
XMOpTHOHyKcycHoH KuCcIOTHI (BHIxo 51%), T. Kun. 93° (7 MM). 
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XHMH A 


Usen-Koppecnonjent AH CCCP H. H. WYAKHH, H. %. BEJIBCKHA 
u P. A. KAPAXAHOB 


KATAJIMNTHYUECKAA WEPAUXPOTEHW3SAUHNA AMHPHAPO®YPAHOB 


2,3- u 2,5-nurugpodypaHbl B TepMH4YeCKHX YCJIOBHAX MOsBepraiotca mpe- 
BpalleHHAM B pe3KO Pa3JIHUHbIX HanpaBleHHAx. Hanpumep, 2-metTns-4,5-nn- 
rugpodypaH mpu 470—480° usomepH3yeTCA B MeTHJIMMKIONponusKeTOH (7), a 

: 2-MeTHJI-2,5-lurnMagpobypaH B aHasJOrMyHbix 
Ca eas wth ~=—s:YCIOBMAX MOARepraetca NerHAporennsanHH B 
Se Ae ) 2-meTHuypaH (?): 
O6e STH peaKUHH, OYEBHAHO, MMeIOT OOM 
as cient xapaktep. Ja BTOpol u3 HHX 2OKa3aHO, 4TO 
ou i ee cn,” pasM4Hble 2-aJIKHJI-2,5-2HrHpodypaHbl Mo- 

0 : ) ryT MpeTepneBaTb JerHAporeHusalulo B COOT- 

BeETCTBylollHe roMOvorH dypaua (?). 

Buspeon (*), HaG0LaBIui peakuMio H30MepHsalnn 2,3-Mrugtpopypana B! 
MK JIONpOManaiblerny B TEPMHYCCKUX YCJIOBMAX, UCCJIeELOBaJ WeHCTBHe Ha STY 
PeaKILMIO Pa43JIMUHBIX KOHTAKTOB, OJHAKO He OOHAPyKHJI CKOJIbKO-HHOYfb 3a- 
MeTHOrO KaTauTMYecKOrO 9ScdeKTa. OTKpbITHe BO3MOXKHOCTH MpoTeKaHHA pe- 
aku Jeruporenusainn 2,5-1MruypopypakoB B TepMHYeCKHX YCJIOBMAX Cye- 
jlano Goslee WIMPOKOH 3afayy OTLICKAHHA KaTaM3aTOPOB, MOCKOJIbKy He HCKJO0- 
yaslOCb, UYTO KaTaUTMYeCKOe JeHCTBHe NOAXOLAWMX KOHTAKTOB MOrJIO OOHAa- 
PYKUTbCH MO OTHOWeHHIO K peaKUMH JernHs~porenusalMn AMrMApodypaHos. 
B uyactTHoctu, ia 2,5-turuazpodypakoB nmpoGsieMa KaTaJIv3a CBOAHJIacCb K TO- 
MY, YTOOB] peakIHIO JerusAporeHHsaluVH, MpOTeKalouly!o B TePMHYeCKHX yCJ0- 
BHAX, OCYILECTBHTb B MPMCyTCTBUuM KaTaMsaTopoB. Jia 2,3-nMruzpodypaHoB 
6bIJI H3BECTEH TOJIbKO OHH THM NpeBpaleHvH, HMeCHHO — H30MepH3allusA HX B 
IMKJIONpOMaHOBble KapOOHHJIbHbIe coequHeHUA. TlosTOMy B JaHHOM CJlyy4ae CTa- 
BHJICA Oosee OOULHH BOMpPOC: BOSMOXKHO JIM BONPeeCHHBIX YCNOBHAX NOL jeH- 
CTBHEM KaTaJIH3aTOPOB OCVILECTBUTb TAKKE PeaKIUHl0 JervAporenusallyy JMTHI- 
podypaHoB 9TOTO psa B COOTBETCTEyloulMe cbypaHoBble coequHeHus. B Ha- 
CTOALLCM HCCJIEOBaHHH JaloTCA OTBeTbI Ha 3TH BONpocl. Mb OCTaHOBHJIH CBOW 
BLIOOp Ha MWMaTHHe M Malwayuu — MeTaslmax, KATaJIMTHYeCKHe CBOHCTBA KOTO- 
PbIX B OTHOMeCHHH peaklluh rvAporeHu3aluH HW H30MepHsallHH cypaHOBbIx 
TeTparuspodypaHoBbIxX COeHHEHHH ObIJIM HCCJIEOBaHbI HAMM paHee. 

MoxHo Oblio 3apaHee OMKUMaTb, YTO B OTMMUME OT PpeaKUMH erHsporeuy 
3allHH JUrHApodypaHoOB B TepMHYeCKHX YCJIOBHAX Ha KaTasM3aTopax Oyyy 
MIPOXODUTb APyrhe MpOuUecchl, CBAZSAHHbIE CO CNOCOOHCCTbIO STHX KaTAaNM3aTO 
POB IIPHCOeAMHATh BOROPOA K GypaHOBoMy HM AuruApodypaHOBOMY HKJIaM 
IIPOBOAMTh THPOreHOJIH3S (PypaHOBOTO Apa H BHISLIBATh H3OMeEPH3allHIO TeTpa 
ruapopypakos B asmMcdaTuueckve KapOOHMJIbHbIe coemMHeHuA. YUNTbIBAaA BC 
9TH OOCTOATEJIBCTBA, MbI 6e3 Ocobore Tpyfa MOrsM COCTaBHTb ACHYIO KapTHHy 
NOCNCAOBATeIbHbIX PeaKIHH, MMeIOMIMX MeCTO Ha IwlaTHHe MU Nawwialun mpH 
Npobesenuw Hay HUMH raposB 2,3- u 2,5-nHruapodypaHos. 

OcHOBHOl pesyJIbTaT Hallero UCCMeOBAHHA COCTOHT B CyueMyioOuleM: Ka 
2,5-, Tak w 2,3-nurM_podpypavbl Ha MlaTHHOBOM H MaswlaqueBoM KaTamusaTopa 
B TeMIMepaTypHOM HHTepBasie 200—300° nopBepraloTca TObKO eruzporeHusa 
MM B COOTBETCTByIOIMe TroMOorH dypaHa. CocTaB MpokyKTOB peakIWMH Me 
HACTCAH B 3aBHCHMOCTH OT TemMMepaTypbl, TaK Kak MocseqHAA cnocoOcTBye 
HIMETHApHpoBanMic tbypaHoBoro WHKa, WIM ero rusporeHomu3y. 

Ha m1aTHHoBom KatTanusatope npu 300° npoBonHuioch uccmeqoBaHue mpe 
Bpaienult 2-merus-4,5-nurugpobypana uw 2-sTu1-2,5-Luruppobypana. B pe 
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yIbTATe OI MOYYeHL! MpPHOJM3HTeIbHO paBHEle KONMYeCTBa H3 MepBoro — 
“YJIbBaHa WM NeHTaHOHa-2, a M3 BTOPOrO — a-3THIdypakHa HM rekcaHOoHa-3. 
SITOT PeSyIbTAT MOXKHO OODACHUTh CyleLyIOULMM OOpa3soM: CHaYala NpOuCcxXoyHT 
Jleruporenusaiua juruypodypakoB B CoOoTBeTCTByION\He (bypaHoBble coequ- 
CHUA; BbIJeAIONLMHCA MpH 3TOM BOJOPOX MOxeT THAPHPOBAaTb AMrusApody- 
| paHbI B TeTparuspopypanbl HIM MpOBOAMTb ruLporeHomHs PypaHoBoro WAKA. 
_Ecau kKatasm3aTop uv TemMepatypa CMoco6cTByIOT H30MepH3alluA TeTparii1po- 
®ypavos B audatTuyeckue KeTO- 

‘HbI, TO KOHeEYHBIMH MpoxykKTaMH Gu 4 ors UL + Hy 
B 9TOM Culyyae ABMIAIOTCA TOKO \% ~'! gone 
_(bypaHosble coeqHHeHuA UM adnH- 

| daTvueckui KeTOH: 

5 Ho, Pt-C PI-C 

_  TouHO Takue %*e IipeBpaiiie- Lt ee —— =~ | |, ~~ e--c-c—c (9 
“HS MpoTeKaioT wu) Ha Maswayue- ‘oo * vroe ase i 

BOM KaTamH3atope mpu300°.3 ecb, 

OfHaKO, Hy2%KHO fObIIO OKa3aTb i 2H», Pt-C 

BOSMOXKHOCTh W30MepH3aluu TeT- Le shtaes CHCxe-C-0 

\ Paruupodypanon B  aslucbatuue- ( 

“eKve KapOoHHJIbHble Coe MHeHHA. 

_CrelMasIbHO tOcTaBsIeHHbIe OMBITH, B KOTOPEIX TeTParHAPOCHbBaH MpoBoLHCA 
“Hay NawayMeBbiM KaTaJM3aTOPOM mp 300°, yOequsm Hac BTOM, 4TO TeTparny- 
| POCHJIbBaH JEHCTBUTeCJIbHO H3SOMEpu3yeTCA B MeTHJINPOMMJIKeTOH, XOTA B 3Ha- 
“MNTeMbHO Ooviee caOoH cTemeHu, 4eM Ha MuaTuHe. Cna6ble w30omepn3yrlomlne 
| CBOHCTBA NaaquA, a TakOKe ero MOBLIMCHHAA CHOCOOHOCTb THApupoBaTh BOH- 
_Hble CBA3H B’ypaHOBOM WMKJe TpHBOAAT K TOMY, UTO AMTHApOypanyl Ha nas 
“ayweBOM KaTaJM3aToOpe IIpu 200° npespamtaroTca B CMeCb 9KBUMOJIAPHEIX KO- 
‘JIMYECTB COOTBETCTBYIONIMX GypaHOBLIX HM TeTparuspodypaHoBbIx coequHeHuit: » 


pd-C, 200° > 
(@) oO 12) 


B 9TOM culy4ae OCOGeHHO HariAHO MpOABIAeTCH aHaJIOrHA MexKAy MpeBpaiie- 
) HHem MIMApopypakos B dbypaHbl MU TeTparMszpodypanbl HM «HeoOpaTHMbIM» Ka- 
TaJIM30M IMKJOreKceHOB UW WHuKJOrekcamMeHoB. B saksoyeHve CJlIelyeT yKa- 
| 3aTb Ha OfMH MHTepecHblli *akT, KacaloulMlicA CBOHCTB aycopOupoBaHHoro 
~BoOpoda Ha NOBEPXHOCTH MMaTHHOBOFO UM MaalMeBoro KaTAJIM3aTOPOB. I]na- 
-THHOBbIK KaTasu3atop (10% Pt) roroBHuica MpoOnuTbIBaHveM akTHBUPOBaHHOrO 
] Yrid PacTBOPpOM NMaTHHOXJOPUCTOBONOPOAHOH KUCIOTbI, KOTOpad BOCCTaHaB- 
“JIMBalaCb POpMasIMHOM B MIpHCyTCTBHM eqKoH uenoun. Tako KaTasiM3aTop 
COMepxKal SHAYNTEMbHOe KOMHYECTBO BOJOPOMAa, KOTOPbIN WIM THAPHpPOBad Au- 
| “Tuapobypans B TeTparuspoypanhl, WIM MpoBoAM rHyporeHoM3 dypaxoBoro 
|| uuxna. B pesybrate storo nepBbie NopiMu Auruspodypava WaBaiM KaTaJu- 
|| 3aTbI, Comep2KallHe NO CpaBHEHHIO C SKBUMOJIAPHEIM, OOJIbINMe KOJIMYECTBA AJM 
»cbatuyueckoro Ketona. HaoGopor, Bosopog, alcopOupoBaHHbl MaaqMeBbIM Ka- 
| dies ee IipH BOCCTAHOBJICHHH BOMOPOLOM XJIOpHCTorO MaayqHA, HaHe- 
ceHHoro Ha yroub (10% Pd), He o6Hapy2KuBaeT 3aMeTHBIX CBOHCTB FHIPHPOBaTb 
| nuruapobypanst wm nmpoBoxuTh rusporenonus dypakosoro wuKsa. Tlostomy 
KaTau3saTbl AuruspodypaHoR, MOJyYeHHble Ha WaJiaqMPOBaHHOM yTvie, Cpa- 
'3y 2Ke, C MepBbIX MOP, comep2%KasM 9KBUMOJAPHbIe CMeCH cypaHosB H TeTpa- 
ruipobypaHow usu (mpH Gosee BEICOKOIi Temmlepatype) cbypaHoB Hu asucaTuye- 
CKMX KeTOHOB. Ham KaxKeTCa, 4TO JaJIbHeHMe HCCJIeEAOBaHHA B STOM HalipaB- 
‘JIeHMM MOraM Obl AaTb JONOMHHTeAbHBIe CBEeHHA O CBOMCTBAX acopOH“pOBaH- 
Horo BOJOposa. 


DKcNepHMCHTANbHAA YACTH 


tae 


2-Meruui-4,5-urnpodypah Obll MomyyeH JeruspaTawMel alleTomponnio- 
“Boro cnupTa B MpHcyTCTBHH cocopHOH KHCVJIOTHI. 2-STun-2,5-qurHugpodyp ak 


Obl CHHTe3HPOBaH M10 culeyrouleei CxXeMe: : bs } 


Cly aa Cl ‘CoHsMgBr = Cl 
(Sets XS —— 
| [ ji [ ia , 
O O oO 


2-9run-3-x1opTeTparnipoypal MeseHHO mpHOaBssascA K Harpetomy 0 180— 
200° ekoMy Kasi C HeMeJIeHHOH OTTOHKOH OOpasyloujeroca 2-3THI-2,5-uruy- 
podypaua. ; 

Tlocae meperonKu Ha aeKTHBHOH KOOHKe AMrMApodypanbl obsaqanu 
CJI€LYIOULMMH CBOHMCTBaMH: 

1) 2-merua-4,5-murugpocypaH; T. Kun. 79—80° mpu 752 mm; d?° 9,9040; 
mo 14298; wai 

2) 2-sTun-2,5-muruspopypan; T. Kun. 104—104,5° npw 755 mm; d?° 0,8877; 
ne 1.4314. 

Vcxonnpie MruapodypaHkbl NosaBasHCb Ha KaTasIMsaTop C OOBeEMHOH CKO- 
poctnio 0,1 uae’. )Kuakue KaTaiM3aTbi, MOyYaBUineCcA MpakTHYeCKH B TeO- 
peTHYeCKOM KOJIMUECTBE, Pa3rOHAJIMCb Ha KONOHKe. PesybTaTbI OMbITOB MpH- 


Belellbl B Tab. 1. 
Ta6nuua i 


IIpoxykTbl mpeppawenui 2-merTH-4,0-qurugpopypana vu 2-sTHN-2,0-qurH~Apobypana 
na Pt —C- un Pd — C-kataaus3atopax 


IlpoyxyKTbI peaKkuH HW UX cpokersa 
K ata- T-pa, 
McxoAnoe BetlecTBO | qygatop oC BBIXO, * qo 20 
cocTaB KaTaJlu3atTa %, Te Kui ow 6G 4 Np 
2-Merna-4,5-qurug- | Pt—C 300 | CusmpBaH 50 62—64 0,9118/4 ,4321 
podypaH Teutranon-2 50 | 100—104,5/0,8080/1 ,3910 | 
2-Merua-4,0-qurng- | Pt—G 200 | CustppaH 50 
f ocby pau TerparugpocumbBan| 30 
Ilenranou-2 20 
2-97un-2,5-qurugpo-| Pt—C | 300 | a-Oruadypau AO 91—91,5 }0,9018]1,4404 | 
dy pan TexcaHou-3 40 123—124 |0,9169)1, 4006 
2-Merua-4,5-nurng- | Pd—C 200 | CuabBan 50 
podypan TerparugpocusbBaH}| 950 79—80  |0,7582/1,4060 | 
2-Merua-4,5-aurug- | Pd—C 300 | CusapBaH 50 
podypax Tlentanou-2 50 
2-97ua-2,5-qurugpo-| Pd—C | 300 | a-Otuapypax 40 | 
(bypaH TexkcaHou-3 30 


BuBon. 1. Yeranopmeno, uto Kak 2,0-, Tak H 2,3-qurug~podypaHbi Ha 
Pt u Pd, ormoxeHHHX Ha aKTHBUPOBaHHOM yrsle, IpeTepneBaroT mpu 200—300° | 
ePHApOreHu3auMio B COOTBETCTBYIONIMe (ypanbl. BpieAOUW,MHCA TIpw 3TOM 
BOLOPOL B8avMOeHCTByeT Cc PypaHaMH HM AMrHApopypanamu c OOpas0BaHHeM 
COOTBETCTRYIONLNX TeTParnApodypahHoB HM ayiMdaTHYecKHX KeTOHOB. 

2. Ha Pd-yrae npu 200° npespamyenue 2-merus-4,5-1urMaqpodypaha B 9K- 
BUMOJIAPHbI€ KOJMYeECTRA CHJIbBaHa VM TeTParMpocusIbBava yKa3biIBaeT Ha aHa- | 
JOrHIO STOH PeakIHH C HeOOpaTHMbIM KaTaJIM30M. | 


HMucrutyT opranmueckoit xumun um. H. JI. 3ennuckoro Tloctymu1o0 
Axalemnu Hayk CCCP 25 II 1961 
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HTokaage Akagemunu nayr CCCP 
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PH3HTECKAH XHMHA 
_ J. A. BEJAKOBA, B. B. TPOMOB, A. B. KMCEJIEB  akagemux Buxt. M. CIMUbIH 


AJICOPBUUS MAPOB TEKCAHA HW BEH30JIA HA HEPA HOAKTHBHOM 
HW PAXMOAKTHBHbBIX OBPA3ILAX CYJIb®ATA BAPHS 
i 


_ Beefenwe pajlwoakTHBHbIX W30TONOB B TBepsbIe BelllecTBa H3MeHAeT UX 
‘@u3vKo-xuMuyecKHe CBolicTBa (1°). XoTA Mpuposa Npoucxo_AMMx 3yecb AB- 
‘JleHHH elle He BNOJIHE ACHA, UX BAMAHHe Ha CBOiCcTBAa TBepJbIX TeJ] HECOMHEHHO. 
Tipeacrasassio uutepec ucceqoBats acopOmMoHHbIe cBolicTBa paywoakTuB- 
HBIX OOpasloB MO OTHOUIeHHIO K alcopOmMH 3 ra30Boii (pasbl_ BelLecTB 
aS IMYHOFO CTPOCHHA, BYACTHOCTH MOJIAPHBIX H HeMOJIspHbIx. B pa6ore (*) nomy- 
MCHbI KaveCTBeHHble YKa3aHMA Ha MOBBIINeHHe alcopOuMM MeTaHoa pH BBe- 
Aenuu B nopowoK KeSOs pasvoaKtusHoro u30Toma. Cepbl, OJHAKO Maslaa mo- 
| aay Mellala MOuTy4eHHIO Oolee TOUHBIX cBeleHHii. B Hactosulelt pa6ore 
IB KayecTBe acopOeHTOB ObLIN B3ATHI Comep»KallHe paylMOakTHBHY!O Cepy ocay- 
\\ku Cybcata Oapusa, KOTOpHIe JlerkKO MO/TY4NTb C Ooulee pasBUToit MlOBep XHOCTbIO. 

Ocaaku BaSO: B uHactTosuleli pa6ore npuroToBAasuch B3auMoselicTBHeEM 
pactBopa BaCle c pacrBopom NaeSOs, coxepxanyum S®. Ucnomp3onaica pacTBop 


* 

Na2SO1 (pH = 7) c KonwenTpatuelt cra6uabuoro HocuTena 3,9 mr/a u YeuIb- 
HOH aKTHBHOCTHIO mo S* 10 mCu/ma. Tlocroponuue covespie mpuMecn mpaKkTH- 
Heck oTcyTcTBoBamM. M3 paqnoaKTHBHEIxX npumeceli umesmca cbocdbop, HO He 
donee 0,01%. OrmprBanue ocayka BaSOs Benocb nopunamu 10% pacTBopa 
~2H5OH B AucTHIMpoBaHHOH Boze. 

_ Bop momyuenbt vetpipe o6pasua BaSOu: og HeaKTuBHBI u TpH aKTHB- 
HBIX C AKTHBHOCTAMH K MOMeHTY MpHroToBuienux 96, 101 um 85 MCu/r. TMepeg 
ALCOPOMMOHHBIMM OMbITAaMH OOpasilbl OTKAYHBAHCh B ALCOPOWMOHHOH ycTaHos- 
ke (7) mpu 200°. YerbHaa nopepxHoctTb $ oOpa3iloB onpelemssach B TO xe 
ycTaHoBKe 10 HU3KOTemMepaTypHO acopOuMH napoB a30Ta H aprona MeTOJOM 
SOT. XapaktepucTuku u3y4eHHBIX OOpa3siloB mpuBexenb B Tab. 1. 


‘ 
\ 


Ta6Oaunma 1 
, XapaktTepucTHKH uCCTezyemBIx O6pa3snoB BaSO4 
BpemMa xKu3HH OGpasia| PagquoakTuBH. o6pas3- 
AO Hatasia W3MepeHHH| LOB Nepex usMepeHueM 
Mcxogu. ek ae aycopOimuu, HH aycop6unu, MCu/r 
O6pa3ubi PaAHOAKTHBH. | 76 amcopolun 
: MCu/r asova J 
rexcaH 6eH30N rekcaH 6eH300 
¥ 
fas: 
'Tkay. up 200 
~BaSO, 0 Lee -- — -— — 
wm x a P aie 
BaSOy-1 96 4,6 187 167 24 25 
~BaSO,-2 104 8,0 42 06 72 65 
- J ; sf 
BaSO.-3 85 7,3 7 10 80 77 
(ONOJHUT. OTKAY. Tip 
OS 
BaSQO, 10) BED = acme = a 
~~ 
aSOq-4 96 3,9 ae ta a i 
é / ae Fi, 586 wi 
aSO,q-2 101 4,4 iia) Fish 56 BY 
* . 9 
aSO4-3 85 Syl, 92 86 4A 43 


2, 
4 
4 
4, 
; 


‘ 


JEON 
m2 


Puc. 


“ 
fLMON 
m2 


B 
~ 90005 ~~ Q001 
g00s Oot 
4 
3 e 0005 001 
; 5 
2 


; 


Ty! 


P/Pp-—> 
1. HUsorepmpt a6comorunix pesuunn apcopOuun mapa 
a-rekcaHa pH 20° (A) wn 6Gensona npu 50° (6) Ha HepafHo- 
AKTHBHOM OO6pasie BaSO, (200°) (1) H paynoaKTHBHbIx 06- 
pasnax BatO,-1 (200°) (2), BaSO,-2 (200%) (8) a BaSO,-3 (200°) 


(4). 


Bhepxy npererapenbl 


Puc. 


TOUKH puc. 8, 4—necopouna. 


yuactKu M30TepM 


Yepupie ayeCch M Ha 


HAvUAJIbUbIS 


LAMOMN 


7 
! 


Q0005 gol Q0005 0001 
fd 
' 
i=] 
eS 
005 oor 0005 


4 
| 
7 
1 


VUsotrepmbl a6comorunx pennunn ajcop6uun napa 
” 


04 
1D) = 


5 
hae 


Gen3s0na npn 50° na paxnoaKruBUDbx o6pasuax BaSO,-4 
* 

(200°) (A) u BaSO,-3 (200°) (5). Touxu 1, 6 — nepBona- 

YaIbHO USMCpeHHble HsoTepMbl apcopOmHnH, TOUKH 2, 4— 

BTOPHNHO HSMepeHHble nocne 


BLIJICPKHBAHHA 


o6pa3sioBn B 
TreyeHue 2 mec. 
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B xayectBe ajcop6aTos Gp 
TIpHMeHeHbI H-rekcaH, OeH3OVJI, Me- 
TaHOJI, A30T H B HEKOTOPBIX CJly- 
yaax aproH. Hwxe mpecrapuie- 
HbI aHHble Mo acop6uHn napoB 
n-rekcana * uw Oex3oua. Ancop6- 
WHA Tekcana o6ycJIoBseHa B OC- 
HOBHOM  2I€KTPOKHHeETHYeCCKHM 
(MC HepCHOHHbIM) B3auMo/lel- 
CTBHEM C MOBepXHOCTHIO acop- 
Genta. AycopOuna GeHsoa Ha 
TIOBEPXHOCTAX, HECYULHX IIEKT- 
pwyeckne 3apxAbl WM AMNOVIH, 
IPOHCXOJMT HE TOJbKO B_ pe- 
3YIbTATe JeHCTBHA IIEKTPOKH- 
HeETHUCCK HX (ucnepCHoOHHEIX) 
CH WH caObix 9IeKTpoctaTH4ec- 
KHX WHLYKUMOHHBIX CHJI, HO Tak- 
*Ke HW OslarofapA MonosHUTe/Ib- 
HOMY B3aMMOJeHCTBUIO 3JICKT- 
poHHoro o6aka MOJIeKYJIbI OeH- 
30J1a (B OCHOBHOM €fo 1-cBA3eH) C 
JWMNOJIMM WIM HOHAMM ToBepx- 
HocTH ajcop6enta (°, 2°). 

Ha puc. 1 mpuBefenbt 4u30- 
TepMbI aOCOJIOTHDIX BeJIMUHH ajl- 
copOlMH NapoB A-rekcaHa uM OeH- 
“30/14 (pacCUMTaHHbIX Ha eMHUILY 
TlOBeEpXHOCTH, ONpekeeHHOH 110 
aACOpOWMH rapa a30Ta) Ha He- 
pajMOaKkTHBHOM HM Tpex paHoak 
TUBHbIX OOpasilax BaSOa, orKa 
4aHHbIx rip 200°. B mMoHomovie 
KYJApPHOH OOacTH 3ano/IHeHHA 
MOBepXHOCTH, OCOOeHHO TIpH Ma 
JIbIX SANOJIHeHHAX,  acopOun 
9TUX BEILECTB Ha EMHULE NOBepX- 
HOCTH PaHOaKTHBHBIX OOpas3ilo 
Ooulbie, UeM Ha HepalMoaKTHB: 
HOM OOpa3ue. Tak, Hamlpumep 
adcoJoTHad BelM4nHA acopo 
Mn Ha oOpasie BaSOa-1 mpu 
ONM3UTEIbHO B Ba pasa Sobre 
yeM Ha HepawMOakTHBHOM OOpa3 
we, Avia cua6ee acopOupyro 
ulerocA YTekcaHa TpH OTHOCH 
TeJIbHOM JaBleHuu p/p, = 0,005 
a jit CHIbHee aycopOupyioule 
roca Gen30a mpu p/ps =0,0005. 

V3 tab. 1 BuyHo, 4TO TP 
pawMOakTHBHBIX OOpasila OTVIM- 
yalorca JIpyr OT [pyra B OCHOB 
HOM BpeCMeCHEM 2%KH3HH JO H3Mepe 
HHA Ha HUX H30TepM ascopOlHn 
Uccneqopannble paswoakTMBHbl 
oOpa3ibl WMeH OIM3KyIO HC 


* Panee acopOuHA napa A-reKkcaH 
Ha cyJpipate a sae with a B (8). 


‘ 
ai 


y! 


OMH YO pasMoakKTHBHOCTh, 
O BeCbMa pa3JIM4HyIO pas\uo- 
1KTHBHOCTb B  MOMEHT UK 3- 
Mepe€HHA u30TepM aycop6- 
uau. Ustpuc. | Buano, To 
‘AOCOJOTHEIE H30TeEpMbI ajcopo- 
Wun YekcaHa Ha oOpasilax 


BaSOa-1 u BaSOu-2 c pasupi- 

MH Y,ebHbIMM aKTHBHOCTAMU 

nepel u3MepeHuaAmu (21 u 72 

mCu/r) mpHOnu3uTebHO CcoBma- 

JlaioT, B_TO BpeMA Kak a6covoT- 

HbIec H3OTEPMbI acopOUMH Tek- 
* 


caHa Ha oOpasiax BaSOs-2 u 02 04 


Leal‘) * 
BaSOa-3 c ONM3KMMM Y/leJIbHbI- 
MH aKTHBHOCTAMH(72 nu 80 mCu/T) Pa) Pues 3..Usorepmpr® aGcomornbix BesMunH afcop6unn 


P/p,;—~- 


nmaposw rekcaHa nmpu,20° Ha oO6pasuax BaSOg, OTKAYAHNbIX 

“CHJIbHO pas/IM4aIoTCA, T. e. Bee nooo (1, 3, 6) MaEA00” (2, 4, 6). Town J, 2, — Hee 

| JIMYWHA AKTHBHOCTH STHX 00- ; pay\MoaKkTHBUble OOpasilhl BaSO,, TouKH 4, 4, 6, 6—papno- 
_pasiloB B JIaHHbIM MOMCHT Bpe- : AKTHBHbIG OOpasubltBaSO,-2 (8, 4) u BaSO,-3 (6, 6) 


MeHH [pakTMYeCKH He BJIMAA 
“Wa UX aCOpOWMOHHble CBOMCTBA. 
QOTOT BEIBO Obl NOATBeEp*KLeH 
CIeMMaIbHBIMM ObITaMH 10 UC- 
_ Cile1OBaHHIO BIMAHMA BpeMeHH 
_ BbILepHKUBAHUA PalMoaKTHBHbIX 
 o6pa3sioB Ha UX ascopOuMoH- 


. cnocoOHocth. Odpasitpi 


* * 
_ BaSOa-1 u BaSOs-3 mocae u3- 
_ MepeHHA Ha HHX U30TepM ajfl- 
| cop6uuu OeH30a BbIepxKuBa- 
 JiMCb ee B TeyeHve 2 Mec. H 
_ 3aTeM Ha HUX NOBTOpHO Obl 
W3MepeHbl H30TepMbI ajlcop6- 
uuu Oen3oua. PesyibTaTbl 43: 
MepeHHi TIpuBeseHbl Ha pHC. 2, 
M3 KOTOpPOrO BHHO, 4TO JoMod- 
HUTeIbHOe JJIMTebHOe BbIep- 
2%KUBaHHeE yxKe  BbIepxanHoro 


panee oOpasia BaSOu-l, a TaK- 


* 

*we cBexkero oOpa3iia BaSOs-3 

He MIPHBEIO K USMEHEHIIO Ux ee, A teen eine apasnax BisO,, onksuannntn 
aCopOUMOHHEIX CBOCTB. ITO — npu 200° (1, 3, 5) w 400° (2, 4, 6). TouxH 1, 2—nepagno- 
yKa3bIBaeT Ha TO, 4TO BO3MOX- aKTHBHbIe OOPasiibl sh TOUKHK pa as ee 
HOe€ H3MeCHeEHHe COCTOAHHA I10- , THBHbIe O6pasubt BaSO,-4 (3, 4) u BaSOQ,-3 (4, 6) 
BepXHOCTH yxkKe oOpasoBaBuleroca TBepforo Cy/bPaTa B pesyJbTATe II P O- 
Mouxwxatwmeroca B-pacnana S*® He okaspiBaeT CYyUeCTBeHHOrO BVJIH- 
“AHMA Ha acopOtnio OeH30/1a — BellleCTBa, CHJIbHO YYBCTBUTCbHOrO K HSMC~ 
HeHHIO SJIEKTPHYeCKOrO MOA HoBepxHocTH aycopSenTos (’, °, *). 
B To Ke Bpema 43 puc. | BHAHO, YTO B OOMACTH MaJILIX 3allouHeHHM HoBepx- 
HOCTH afcopOUHA MapoB rekcaHa HU GeH30Jla, OTHECeHHaA K CMHUHE NOBEpPX- 
HOCTH, YBeW4MBaeTCH Cc yBeNM4cHHeM HCXOMHOHM pafMoakTHBHOCTH 

o6pasila. 
STH pe3YMbTATHI MOZBOAAIOT TpeMNOMOKUTh, YTO BBEeHHe AKTHBHOCTH B 

* 


9— % 
Buje SO, B pacTBop pH NOAyYeHHM payqNoaKTHBHbIX OCAKOB BaSOs mpuBeio 


kK oOpasilam c Godlee aKTHBHOM AJA aCOpOUMH MOBEpXHOCTHIO, YM AIA Hepa/Ho- 
aKTHBHOFO oOpa3ila. 


JLM0M 


i} 001 
1 
I 


02 


04 
Pp; 
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MoxkHo Gpivio OKULaTb, YTO CCIM 9TA NOBLIWEHHAA alcopOWunOHHaA cnocob- 
HOCTb CBA3aHa C OOpasoBaHHeM Goviee HEOMHOPOMHON MOBepXHOCTH™ pasMoaK- 
THBHBIX OOpasiloB CybaTa Capua, TO MpH yaseHHH HeEOHOPOAHOCTH NMOBbI- 
INCHHAA ALCOpOUMOHHAA CHOCOOHOCTh MOMxKHA CHU3SMTbCH OTHOCHTeEbHO OoIbIIe 
y palWoakTHBHBIX OOpasioB, YeM y HepanMoaKkTuBHoro. Jia MpoBepKu 9TOFO 
TIPEANOJIOAKEHUA MOCMe MpOBEMeCHHA ONbITOB C OOpasilaMUH, OTKAYAHHBIMM MIpH 
200°,. OHH ObIIM JONOJHUTebHO OTKadaHb! B ycTaHOBKe pH 400° B TeveHHe 
npHOsusntebHo 30 aac. YebHad MOBepXHOCTh OOpasloB MpoBepAach 10 
HUSKOTeMMepaTYpHOH alcopOmuNu Napa asoTa. XapakTepHCTHKH OOpasiloB Mocwe 
Takoli OOpa6oTKM MpHBeleHb! B Tad. 1. M3 TaOmMIbI BHAHO, MperkJe Bcero, 
UTO Ye bHaA MOBEPXHOCT COPasloB Mp MpoKaJIMBaHHu BBakyyMe YMeHbIlIa- 
eTCA, IPH4YeM CHbHEee LIA Ooslee BLICOKOAMCHeEPCHHIX paMOaKTHBHBIX VOpasiloB. 

Ha puc. 3 u 4 comocTaBsleHbl H3OTepMbI aOCO/IOTHDIX BeJH4HH acopoOunH 
apoB rekcana H GeH30/la Ha OOpasiax, oTKayaHHEIX npu' 200 u 400°. TIpoKa- 
JIMBaHve B BaKYYMe pe3KO CHMKaeT acopOMMOHHble CBOHCTBA MO OTHOUIEHHIO 
K TeKcaHy M OeH3o0/1y WA BCeX OOpasuoB, NpHYeM alcopOWUMOHHaA CiCCOOHOCTh 
CJHHMILbI MOBEPXHOCTH TafaeT B OoJbueH CTeNeHH MIA PalMOaKTMBHBIX OO- 
pasioB, UeM At HepaMoakTHBHOTO. Tak, HallpuMep, aqcopOluuA napa rekcana 
llpH OTHOCHTeIbHOM aBJeHuu p/p, = 0,005 mocie noBEIeHHA TemrepaTypbl 
ipoKauBanua oT 200 no 400° aia HepaqvoakTMBHOrO OOpasila MafaeT MpH- | 


* 
6IM3UTebHO B 3 pasa, a AIA palvoakTHBHOrO oOpa3ia BaSOs-2 npnoOmn3u- 
TeIbHO B 7 pas. 

IIpu noppimenuu TemmepaTypbl MpoKasIMBaHua OOpasyoB oT 200 go 400° 
pe3KO MeHAIOTCA He TOJIbKO BeJIMUHHI aCOpOMUMH, HO H3MeHAeTCA H XapakTep 
H30T€pM: B OOMACTH MaJIbIX p/P; OHH H3 BBINYKJIbIX CTaHOBATCA tpakTuyec- 
KH JIMH€HHBIMH. SOTO Tak?Ke MOATBepKMaeT CeMaHHoe BbILUe IIpeANONOReHHE O 
TOM, UTO MOBEPXHOCTb OOPasOB, OTKAYAHHEIX pH 200", oveHb HEOAHOpoOsHa, 
IipHueM Y pawHoaKTHBHbIX OOpa3soB B Oo/IbuIeH CTeMeHH, YeEM Y HeEpasluoaKkTHB- 
Horo. OTKauka jo 400° nNpHBoANT K pe3KOMYy CHHXKeCHHIO HEOJHOPOAHOCTH TO- 
BepXHOCTH BCeX STHX OOpasOB. 

Takum oOpasom, uccyleloBaHHe ajcopOUunh napoB Ha OOpagiax, nosBepr- 
HYTbIX JONOJIHHTEIbBHOMY TpOKaJIMBaHHIo B BakyyMe Tipu 400°, nowTBepxKjaerT 


* 
CJJIaHHbIM BbIWe BbIBOL O TOM, UTO MoOaBseHHe palMoakTuBHOH comH NazSO4 
B IIpOWecce IpHOTOBJIEHHA CHOCOOCTBYeT MOJY4YeHUIO OOMALarollMX MOBbIIMeHHOH 
a\COpOMMOHHOM CIMOCOOHOCTHIO OCaLKOB, MOBepXHOCTb KOTOPbIX HMe€eT OUeHE | 
HEOMHOPOAHOe CTpoeHHe, Mp 9ITOM Oosee HeOMHOPOAHOe, YEM MOBeEPXHOCTH | 
HepalMoakTHBHOTO OOpasila. [IpokaMBaHve »%e B BakyyMe pH 400° jenaeT 
NOBEPXHOCTb BCeX STHX OOpaslLOB 3HaYHTebHO Ooslee OMHOPOAHOH UM OONANa- 


lolleH TpaKTHYeCKH OMHAKOBOH aCOpOUHOHHOM cnocoOHOCTHIO. 
Vucrutyt dusnsecko xuMMH ; Tlocrynuso 
Axaylemun HayK CCCP 24 II 1961 
MockoscKuit rocyfapcTBeHHbIit yHHBepCuTeT 
um. M. B. Jlomonocospa 


WMTHPOBAHHASH JIATEPATYPA 


*Buxt. HW. Cnunsu, Ysas. AH CCCP, OXH, 1958, 1296. *Buxt. 4. > Cum . 
EH, MH. E. Muxataeunxo, JAH, 121, 319 (1958). 8 A) Avi JB an amine 
BuxkT. HW. Cnunuwy u gp., JAH, 121, 495-1958), 4 Buxr. VW. Coun. Van 
AH.CCCP; OXH. 1960, 1325... *Buxa MW. Cnunu a Boe IT pomos, JAH, 123, 
722 (1958); Paguoxumus, 1, 181 (1959). ® Buxt. HW. Cnuunn, WH. E.Muxaitinenu- 
Ko H op., M38. AH CCCP, OXH, 1960, 1311. ‘7 JI. 0. Beaakospa, A. B. Kuce 
mes, )K@®X, 33, 1534 (1959). 8H. H. Apryas, Tr. HW. Bepesuu u gp., Hap, 
AH CCCP, OXH, 1960, Ne 1); 1948. “A BAK nce en. Gl: Tl om x y.c, JAH, 
120, 834 (1958), 2° A. B. Kucenes, A. Koytenxu, HW. Uuxex, JAH, 137, 
Ne 3 (1961); A. Koytenxu, WH. Vumxex, KX, 35 (1961). 


| 


xD fe ‘i ; * 
Ta HEOMHOPOAHOCTH MORKeT GbITh Kak reOMeTPpHueCKOH, CBA3aHHOM CO CTpyKTypoH 
OCaKOB, TaK HM XHMMYCCKOH, CBASAHHOM C OCOOCHHOCTAMH CTPOeCHHA MOBEDXHOCTH HM THApaT- — 
HOH OOON0UKH. 
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dlokaagp Akagemuu nayr CCCP 
1961. Tom 138, No 5 


PHSHYECKAH XHMH 4 
ea aac i LT a 


A. M. BPOJICKHH, «ach-koppecnoujent AH CCCP K. fl. JIABPOBCKHH u B. B. THTOB 


O PAJMAWMOHHO-TEPMHYECKOM KPEKUHTE KU AK UX 
YP JIEBOROPOJIOB 


I B pa6ote paccmatpuBatoTes abdexTbl coRmecTHoro BosselicTBuaA paqvaunn 
BICOKOH SHEP H HarpeBa Ha eCTeCTBeHHbIe CMecH yruleBOLOpoRoB — ra3soiive- 
Bole Ppakwy, BbIKUMatoNlHe B mpenemax 200—350°. Onpirr MIPpOH3BOAUIUCh 
OGcrpeBaeMbIX SBaKYMPOBAHHHIX KBAPIeBbIX AMIyJaX Ha peaktope BRP 
(,*). Ammyap!, sanonnaBumecs xKHKOCTBIO IIPHMepHO Ha OAHY TpeTb, ume 
BHYTpeHHu AHametp 10 mm npu yanHe 250 wm. Ilepex sanaiixoi cozepsxumoe 
‘aMNyJIbI THLATebHO OGesraxUuBasiocn. 113 PeSyJIbTaTOB HalllMX 9KCNEPUMEHTOR, B 

Corlacuu ¢ pesyIbTaTamu paGorpl (%), ceny- 
eT, YTO B CTy4ae panvonusa wKUAKUX yruieno- ("8 
Wopoyos 3apucumocts In G (rye G — uncno \ 
OvieKyJ, MOBeEPrulMxXcA jecTpykUMH MpH \ 
rorsiomeHun 100 9B sHeprun) oT oOpaTHor WT 
a6comorHoit Temnepatypp 1/7, umeeT xapak- \ 
TepHbIH BUA, Ms0OpaxKeHHbi Ha prc. 1. Hu- . 
Ke OnpeqeeHHOH mpexenbHOli TemMepatypH fl I 
f, BemuuvHa G c poctom JT u3meHsetca I 
*paBHUTebHO MavIo (pexum I ua puc. }). 

AHaumHan c Temnepatypp 7, cocrapasiomeli pede dim thas ine: 9 9 ey: 
ipumepHo 600°K, Beamunia G naunuaer OnI- I, "7 
{:Tpo BoOspacTaTE c 93HeprHeli aKTHBalLUu 

120-- 5 xxan (pexum II). [pu stom mepexoy Puc. 1. Cxematuueckaa 3apucumocrp 
fT perxkuma I k pexumy II mponcxogut Becpma  !" 4 OTL/TS 7), xpurnueckaa touxa 
}lesko c HeOoubuMM criaxKuBaloNlNM Tepe- 

(ONHIM yYaCTKOM. C ja/IbHeLiIMM MoBbINeHHeM Temnepatyppl pexum IT nap- 
| {0 MepexoguT B TepMu4ecKHH KpekuHr (pexum IIT). pu pexume III pennuuna 
}/a3IOKeHHA MepecTaeT 3aBHCeTb TOMbKO OT CYMMA@PHOH O3bI MOPJOULeHHO!i 

Hepruu, Kak lip pexumax | u II, uw HaunnaeT cymecTBeHHO 3aBHCeTb OT MOII- 

lOCTH JO3bi, T. €. OT BPeMeHH TIpeObIBaHHA B PeaKUMOHHO 30He. 
|| CyutectBopanve pexuma II mpu paguonu3e yraeBogopoaupx ra30B OBlIO 

pBble OTMeyeHO B paGote JI. C. Hlonaka u ap. (*), mpuyem pexum II Opi 

BaH PpajMallMOHHO-TepMuyeckuM KpeKHHroM. [13 jzaHHbIx (+) MoxHO cyle- 
Tb SaKJIOUCHHE, UTO MPH paMOsH3e ras00Opa3sHbIX yrueBOOPOROB 3aBncu- 

Ocrs G or Temmepatyppi npn pexume I mpaKktuyecku OTCyTCTByeT B OTMHUHe 

T MCCJieOBaHHOrO HaMM Cly¥aA palMoMsa WKUAKUX MpOLYKTOB, Kora coorT- 
| *TeTBYIONAA SHepruA aKTHBalMH paBHAeTCA HECKOJbKMM KEOKaOpusM™. 
Kak caefyeT W3 HalliMX SKCHepHMeHTAIbHEIX JlaHHbIX, 3aBHCHMOCTB 
OPocTH OOpazoBaHUsA BEICOKOMOVIEKYJIAPHEIX MpOAYKTOB («TO1MMepoB») OT TeM- 
JaTYPbI HOCHT CYIeCTBEHHO OTJIMUHbIi Xapaktep. Ha puc. 2 usoOpaxena 
IBucuMOCcTb In G54, re Gy,o— YHCO MOJIEKYwI HCXOLHEIX YrseBOLOPOLoB, ipe- 
JATHBIUMXCA B BLICOKOMOJIEK JIAPHble MpOLyKTHI, oT 1/7 Aaa cnyyas paquonusa 
soi neii. OnpeyesieHue BEIXOZa BbICOKOMOJIEKYJAPHBIX MPOLYKTOB IpOH3Bo- 
(10Ch HAMM C MOMOIIbIO TaK HaSbIBaeMOH MOJICKYJIAPHOM Pa3rOHKH B BbICOKOM 
ikyyme (10-° wm pr. cr.). Kak puguo u3 puc. 2, HayMHas c Temnepatyphi 7, 
allMOHHO-XMMHYeCKHH BbIXOA BbICOKOMOJIEKYJAPHbIX MPOLYKTOB U3 yruie- 
POJOB MpexetbHOrO cTpoeHUA HayMHaeT SbICTPO YMeHDUIaTECA. 


* Viamenenve mexannusma pa3zloxKeHua YreBOLOPOLOB MPH MOBLIMeHHH TeMMepaTypb! OBLIO 
€Ho B paOote M. A. Mokyupcxoro (7), ofHaKo B STO paOoTe He NpHHHMaJINCh B pacueT 
KaJIbHbI€ PeaKUHH, HMEIOULHe B Halllem culyyae OCHOBHOe 3HaueHHe. 
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si = 
‘ \ 
ae 
Tlaist MCTOMKOBAaHHA M1pOTeKalonjuX Mp PaMallMOHHO-TepMHYeECKOM PasJiO 
XKCHHM TIPOMeCCOB BaxKHO, YTO TeMMepaTYPHBIH XOX OOpasoBaHUA pas/MU4HbI 
HH3KOMOJICKYJIAPHBIX MPOYKTOB eCTpyKUMM HecKObKO paswmmueH. Ha puc. ¢ 
MpHBeeHbI yCTaHOBJIeHHble HAMM 3aBMCHMOCTH PajHallMOHHO-XMMHYeCKHX BbI 
XOJOB HH3KOMOJICKYJAPHBIX MpOLYKTOB JeCTpyKUMU OT TeMIepaTypHl. 
Xumuyeckuli appeKT B3AMMOJCHCTBUA H3JyYeHHA C yIJIeEBOAOPOAHbIMH MO: 
JieKyJIaMH MO?KHO CBeCTH K TpolleccaM J[ByX THIMOB, BOSMOXHO MpoTek aroun 
He3aBHCHMO Jipyr OT Apyra: | 
yruiepogopoy + u3sulyseHHe > .° 
. — BosOyxKeHHad MOJIeKyJa > KOHeYHEIe CTAOMJIbHbIC MpOyKTHI (1 
yrseBoyopox + u3sulysyeHve > ... 
.— TeMJIOBbIe yrIeBOLOPOAHble paguKaJbl > MPOAYKTH PasuKaJbHbIX peakILHh (2 
IIponeccnt (1) cooTBeTCTBYIOT TaK Ha3bIBaeMOMY HeMOCpesCTBeHHOMY IIyT 
pal all\MOHHO-XMMHYeCKHX TpeBpallleHH, a mMmpoueccpl’ (2) — paquKasbHOM! 
nyTH. IIpy sToMm Aa albHeHuIMX pac 


2h ae Cy*KeHHH HET HeOOXOMMMOCTH B yCTaHoB| 
bec P JHMM JeTaJIbHbIX M€XaHW3MOB MpoMexky 
= TOUHBIX 9TAMOB PeaKIHit, OTMeC4YCHHbIX Ff 
oF /[ (1) u (2) MHoroTounamH. STH NpoMexkyToy! 
sare HbI€ STAMbl, “BKJUOUAIOWHe, BO3MOXKHO, 06. 
5 “Bhs aes pa3s0BaHHe HOHOB HJIM TOpAYHX pamNKa 


‘00/1 — JIOB, JO HacTOAMLerO BPeCMeHH TOJIHOCTHK 

He BbIACHeHBI. CylleCTBeHHO, 4TO B pac! 

Puc. 2, SaBHCHMOCTh pafHallHOHHO-XH- CMaTPHBae€MOM MHHTepBasle TeMIlepaTypD} 

MHYeCCKOrO BBbIXOJa BbICOKOMOJICKYJIAD- BKJIFOUAIOULeEM yKa3aHHble BBILIe Pe2KHMBI } 
HOrO OCTaTKa OT TeMIepaTypbl 

u II, ckopocTb oOpas0BaHHA KOHEUHBI: 

NpOAYKTOB yepes mpomecchi (1) He ouKHA 3aBHCeETbh 3AMCTHO OT TeMMepaTypbi 

MOCKOJbKYy 3HepruH BOs6yxKTeHUA B (1) B STOM HHTepBasle 3HAYHTeIbHO OoOuEIE 

uem kT. Takum o6pa3om, mpoueccni (1) AaloT OJMHAKOBbIN, He 3aBHCALLMH oO} 

TeMliepaTypbl BKJiafl B pagvlOwKeHHe yrieBOLOposCB MpH pexkumax I u II. 

Jlanbuefillee MOBeqeHHe OOpas0BaBLIHXCA B Mpoueccax (2) yrmeBoqOposHET) 

PaquKaJIOB CYIleCTBeEHHO pa3iMuHO mpx pexumax I u II. B nepsom cayy 


i 


WuMH Apyr ¢ Apyrom. IIpu pexume II o6pa3oBaBuimeca amucbaTuueckue (Hu 
CMCWIaHHble) PakuKaJIbl B 3HAUMTEJIbHOM CTENeHM paciiafaloTca c OOpas0BaHHe 
OJePUHOB HU PauKaJIOB MCHBUIeETO MOJIEKYAPHOTO Beca, BCTYMalONlMX B ase 
Hehe peaKUM 3aMelleHHA HW pactaya. 

OnpezeiuM Temmepatypy 7,, HauyuHad Cc KOTOpOH pexum I nmepexoguT 
pexum I]. PaccmotpyM cHauaa cmyuai, Kora KseTOUHbIM MU aHasic 
rHUHBIMA eMy acddekTaMH MOxXHO mpeHeOpeun. ITlogoOnn cayual pez 
JIM3YeTCA, B YACTHOCTH, MIpH paquvomH3e yrMeBOMOPOAHEIX Ta30B. S3ecb MOK 
CUHTATb, YTO palMalMOHHO-TepMH4eCKHH KpeKHHT yyeT HawdvHaTBCA, Korg 
CKOPOCTh peak pacnagza paguKasos, paBHan ky [R], focTurHer BenMUMH 
CKOPOCTH peakIMH, MAyuIuX mpH pexkume I. Takum oOpa3om, npu TemmepaT 
pe nlepexoya oT pexuma I K pexumy II (Tp) umMeem | 


BTR eee Ge (i 


rme kg= ke Fa/RTP __ ycpeqHeHHaA KOHCTaHTa pacnaza panuKanos, [R]- 
KOHLCHTpallHA TeMMOBbIX BbICOKOMOJeKYJAPHBIX payuKaJOB, OOpasyiolwluxca Up 
peakumu (2); Gi — paquanMonHo-xuMuueckuii BEIXon peakuuu (1); J — moll 
HOCTb JO3bI OOJYYeHHA, MOPoOWaeMo B eqMHUe OObeMa, H ai — WHCeHHE 
NOCTOAHHAaA NOpsATKa eMHHIbI. YpaBnenve Oaslanca | BbICOKOMO/IeKYJAPHbMp 
paqMKaJIOB MO2XKHO 3amcaTb (B pacCMaTPpHBaeMbIX CJlyUaAX BbINOHAeTCA Yl 
JOBME CTaUMOHApHOCTH Aid H3MCHCHHA KOHIWCHTpallH aKTHBHBIX palMKasoB) 


cae rel “TTGa Rah) eae oR Ree, ( 


= ar ee a 


3 _ Hite pe : : _ 
TIpH 9TOM yuHTBIBaeTCA, UTO pacxol pakuKalOB MpHBOAUT K o6pa30BaHHio MpeHmyuledy 
BCHHO HHSKOMOJeKyJApHOrO paguKaa (CH3, CeH;) u MomekyJbI oneduna. 
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rae [R]—noanas Konentpanns paqukaJoB, ONnpeleaeMan ypaBHeHHem: 

IG — kr IRP = 0 (5) 
(Gp — paqvalMonHo-xXuMuyeckHit BHIXOR paquKatop R peakuHu (2) 
at Gy — MovHblit BbIXO payHKaJos). 


oO 


| 
. V3 dopmya (4) u (5) BprreKaet, uTo 


et 


| 


_K eJMHHIe HU MoxeT ObITb onyutena. V3 


saa 


_4eCKH He 3aBHCHT OT BbIOOpa 3HaYeHHA dy, 
| ¢ 4eM CBASaHa TaKxKe CpaBHHTebHas \pe3- 
_ KOCTb Mepexofla oT pavouu3a kK pajua- 
i WMOHHO-TepMuyecKoMy KpeKHHTy u Culaban 
/3aBucuMmocTb 7, oT WHrHuOHpoBaHUs, 113- 
' MeHAIOULeErO COOTHOWeHHe Gp/G,. Beuu- 
_4HHa T, ponopunonanbua Ey u mauo 
MeHAeCTCH C H3MCHEHHEM MOLLHOCTH JO3bI 
_/. Tlogcranoska B (6) snayennit: Ge.~d 
(ua 100 98), kr=10-" c?/Momp cex, py = 
=—108 eis Hee ==)25 = 80. xxan/monp 
()upupogur «x sBenmuune 7, = 600° K 
| BCoriacHH Cc yNOMAHYTHIMM BBIle 3Kcre- 
; PHMCHTAJIbHBIMH JlaHHbIMH *. 
' _ Pa30epem Terlepb yclopue nepexoza oT 
_ pexkuma I k pexumy II B c.tyaae co6cTBeH- 
“HO XKHJKUX yraeBoxoposzoB. B mepsBom 
@ IpeeIbHOM cyly4ae, ECM MOxKHO lipeHe- 
“Opedb KeTOUHbIM 9ppeKTOM, coxpaHaetca 
oOtlee BbiIpaxenve (6) gaa T,. Tipu atom 
‘ClleqyeT TOJIbKO HMeTb B BUY, YTO BeJIH- 
| WHHa kp B AUKOCTH Ha HeCKOMbKO MOpAd- 
‘KOB MeHbIe, ¥em B razsax (°). HeckombKo 
‘MeHbUle, 4YeEM B fra3ax, BCIeMCTBHe Ooulee 
BICTpOH MMCCHMAalHH SHEPrHH B XKUKO- 
CTH, Takxe BeHuNUbI G,, Gp u Ge 470, 


WHAKO, KOMMeHCHpyetca B cbopmyvie (6) 


i ~ Gg,), NepBad M3 KOTOpBIX [ 


| JLAH, vr. 138, Ne 5 


i 
( Tp =E,/R in (e396 / V krIG_), 


4 SHaveHHA KOHCTAHT pekoMOuHanHuH kr u kp MOXKHO CUUTATb He 3aBUCALLUMH 
oT TemMepatypp (°). B nocaenyrouleit oneHKe Tp MbI NosoxKUM kr ~ kp. 


(6) 


| mle He 3aBucamas oT Temnepaty pbl NoctosuHaa b = (1 — a,G,/Gp) > 0 61u3Ka 
(bopMy.ibt (6) BUAHO, 4TO 7, IpakTH- 


4 
1000/T —~ 


Puc. 3. SaBHCHMOCTbh pajHallHoHHO-xH- 
MHUYECKHX BbIXOJOB HEKOTOPHIX 1a3006- 
Ppa3HbIX IIpOMyKTOB payvouu3a or Temme- 
patypbl (E — snepruu axkTHBalMu mpo- 
mecCOB B  KKaJ/Momb). J — Bogopon, 
E=0,5 (pexum I), E =3—4 (pexum 
II); 2 — meray, E = 2 (pexum I), E = 
= 20 (pexum II); 3—nponaw, E = 4 


6ObIdHO 3HaUHTeJIbHO OoJee BbICOKHMH (pexum I), E = 12—13 (pexum Hf 
‘SHAYCHHAMM MOLLHOCTH JO3bI, MOrJoilae- mponuieH, E = 2—3 (pexum I), E = 
‘Mol B eqMHuIe O6bema 9Heprun. Bo BTOpOM = 13—14 (pexum II); 5 — 4-6yrax, 
Loe » B= 4 (pexumo I); Bi 1213. (pe- 
IpeeIbHOM CJITy4ae — CHJIbHOTO KuJeTOU Ae Some 
loro addekta ** — KoHWeHTpanMio pazn- 
atop [R] uyxHO pas6uTb wa yBe actu: [R] = [R’] + [R’]  (mpuyem 


R’] OOosHayaeT KOJIHYeCTBO pagquKaJIOB B 
AMHUILe OObeMA, PaCHOMOXKEHHEIX B KJETKE NOMapHoO pAOM c ApyruM paju- 


KaJIOM, C KOTOPbIM OHM BMecTe OOpasoBainch, vu [R”] — KontleHTpaumio BBI- 
OKOMOJIEKYIAPHBIX PalHKaJIOB, OKA3aBIIHXCA BHE KJIeETOK 3a Cy¥eT Auppy3uH 


JK aJoB. Y paBHenne Oananca AWA paqMKaJIoB ee MOXKHO 3allHCaTb B Bue 
Gg I — 1/tr[R’] — kg [R’] = 0, 


* Ypennuenne Tp c yBelnyenvem J aBsseTcA CieLCTBHeM TOTO OOCTOATeNbCTBAa, TO C yBe- 
H€HHEM MOULHOCTH JO3bI CKOpOCTh peakuHit (1) Bospacraer G6uICTpee cKopocTu peaKuH (2). 
** CrpyktypHoe o6pa30BaHHe B XKHJKOCTH, Ha3blIBaemoe «KseTKOI», NMOHHMaeTCA B CMBICIe 
9 


(7) 
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rie tr — BpeMA yMeHbIUIeCHHA [R’] BewexcTBHe peKOMOHHAaLHH B e pas. B pac- 
CMATpHBaeMOM IlpeyeJIbHOM CJly¥ae MBI lpeHeOperaem Wudpy3sveh palukaJioB 
B ypaBHeHuu Oasanca (7). IIpu Temmepatypax, MIpH6mWKaolwluxcaA K Tp, ypaB- 


HeHve Oaslanca Qa R” NpHMeT BUT 
1/tp [R’] — ka [R"] — kr [RP = 0, (8) 
rne 1/tp — oOpaTHoe BpeMaA Auddpy3HH paquKaslOB U3 KJeTOK. 

Vis (7) u (8) Momyyaem, 4TO CKOpOCTb MpoleccoB NecTpyKUMH C oOpa3o0Ba- 
HHeM OJleUHOB B aHHOM CJly¥ae paBHa (HeNocpeACTBeHHble MpOueccsl (1) 3yecb 
MOXKHO OTOPOCHTE) : ; 

Goneduzos / = kg [IR] = ka ([R’] ar LR") — (Ra cis 1/Tp) GR [(1/tr te ka)? (9) 
(peKoMOHHallMaA BHe KeTOK B (9) oTOpomeHa BBUAY CpaBHUTeJIbHOM MaJIOCTH 
COOTBETCTBYIONIUX CTepuYecKHX (haKTOPOB B XKHKOCTH). 

Vs cbopmyt (8) cmelyet, 4TO MpH TeMNepaTypax, Mp KOTOpBIX 
ka << \/tp < \/t7, TemnepaTypHad 3aBHCHMOCTb peakUMi DecTpykuHu OyzerT 
CpaBHUTeIbHO cyla6oH. CooTBeTCTBy!0Wad SHeprHA aKTMBAMM JOMKHA paB- 
HATbCA SHEPrH aAKTUBAaLMH DMpy3MM JlerKUX paMKaJOB, BbIXOAAUIMX Us | 
KleTKu. IlocmeqHee OOCTOATeEbCTBO OGbACHAeT, MOYeMy Ip pexume | payHo- 
JIU3a B XKUIKOCTH MpOHCXOAMT HEKOTOpOe yCKOpeHHe OOpas0BaHHA MpOAyKTos | 
JeCTpyKILMU, MpH4eM 9TO yCKOpeHHe TeM MeHbUIe, YeM MeHbIlle MOJIeKyJIApHbI 
Bec JaHHOro MposxyktTa (cM. pHc. 3). Baicrpoe yBesMueHHe CKOpocTH Mpoueccos 
JeCTpyKUMH, T. e. Mepexoy, oT pexkuma | kK pexumy II, OygeT, cormacuo (9), 
IIPOMCXOZMTb Ip TOM we TeMMepatype, Kora 


ka = ki exp (— Ea/ RT) 1/t (10) 


HM He OyyeT 3aBuCeTb OT MoUIHOCTH JoO3bI. IIpH pexume II, korga kg > 1/tTp, 
TeMIlepaTypHaA 3aBHCHMOCTb pagvoMsa OyeT OlpelesATbCA TeMMepaTypHoit 
3aBHCHMOCTbIO MHOwKUTeIA kg /(1/tr+ka) katt;  WOCKONbKy Ooubuleli 
yacTbio ky<l/tr. @opmyna (10) mo3sBoMAeT OMCHHTb pa3Mepbl KJeTOK 
W3 BbIPaKeHHH JIA KHHETHYCCKHX KOHCTAHT HM SKCIepHMeHTAaJIbHbIX JaHHBbIX 
lO payMOM3y Ip pa3JIHUHbIX TeMMepaTypax. 

IIpHMeHuM IIpHBeeHHble paccyKJeHHA JIA Clyyad palMouMsa ra3soHs. ; 
Kak cJleqyeT U3 paccMoTpeHHia pHc. 3 4H MpocTbixX KMHeTHYeCKHX 
paccyKJeHHH, SHeEprHA AKTHBAaLMH JeCTpyKUMH BbICOKOMOJIeEKYJIAPHbIX pajH- | 
KaJIOB C OOpa3s0BaHHeM pajluKasia CH3, KoTOpbIH Jlaslee MpeBpaulaetca B CHy, 
papHa ~ 20 kkaul. Tlonctapaan E = 20 xxas/Moub B, BbIparkeHue (10) u moma- | 
ran kg = 10% cex?, 1/tp = D/d?, rye d—pasmep kaeTKu, T, = 600° Kj 
HaxoquM pH D = 10° cm?/cex, uto d = 10-* cm. W3 npHBemeHHbIx JaHHbIx 
MOXKHO 3aKJIOUNTb, YTO KJIETOUHbIN ScdpeKT BECbMa CYIeCTBeEH MpH payuomuse 
X%KWAKUX YIIeCBOLOpOAOB. SaMeTHM, YTO BO3PacTaHve BbIXOJa MOJIMMepoB pH 
perkume |, BuyHoe M3 puc. 2, C 9Hepruei aKTHBALLMU, OH3KOM K JHEP aKTH- 
Bans! LMd@pysuu, MOATBepKLaeT yKasaHHoe nomomeHHe. IloguepkHem B 3a- 
KulOUeHHe, YTO UCCIeOBaHHe pexkuma II (panualtMoHHO-TepMuYecKoro KpeKHH- 
ra) MOXKeT OKa3aTbCA BaxKHbIM HM BeCbMa MIPOCTHIM CpefCTBOM olpeseneHuA 
AeTaIbHbIX XapakTePHCTHK PAJla SJIeMeHTAPHbIX AKTOB XMMMYeECKHX peaKkUHil. 

MuctutyT weprexumuueckoro caHtTesa Tlocrynuuio 

Akajemun HaykK CCCP 18 II 1961 
UMTHPOBAHHAA JIATEPATYPA 


+10. T. Huxoaaes, Tp. I )Kenescx. Kontep. no mupH. ucnomb3. aTOMH. HeprHH, 
2,M., 1955. *M. B. ®upetcxuit, M. A. MoxkxyapeKkunh, IO. C. Jla3sy p- 
k Hu, AToMH. sHeprus, 9, Ne 4, 321 (1960). %P. J. Lucchessi, B. L. T army, 
Ind. and Eng. Chem., 50, 874 (1958). 4A. B. Tonunes, JI. C. Monak u gp., 
TAH, 130, Ne 4, 789 (1960). 5 E. W. P. Steacie, Atomic and Free Radical Reactions, 
2-nd Ed., N. Y., 1954. © H. H. Cemenos, O nexoroppix npo6semax XHMHUeCKO! KHHe- 
THKH H peaKUMOHHOM cnocobxoctu, M3. AH CCCP, 1958. 7M. A. MoxkyabeKu it, Ber 
cokomoeK. coegq., 2, Ne 1, 119 (1960). ® E. Rabinowitch, Trans. Farad. Soc., 33; 
nF (se) *B. Williamson, V. K. La Mer, J. Am. Chem. Soc., 70, Ne 2, 
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Tokaayo Akagemun nayr CCCP 
1961. Tom 138, Ne 5 


PHSHIECKAH XHMHSF 
felis Aes ok eee ee EAS 


B. Ti. CMHJITA 


ABOMHOM JJIEKTPHYECKHA CJIOM HA PPAHMLLE AMOP@HbIX 
TEJI, OBYCJIOBJIEHHbIN JOHOPHO-AKUENTOPHOH CBA3bIO 


([Ipedcmasaeno axademuxom A. H. ®pymcunoim 8 I 1961) 


_ B paGorax (*) uccneqoBanacb powb ABolHDIx SJIEKTPHYeCKUX CJIOeCB B AB- 
WICHHAX ANresHM KpPHCTAaNMMYECKUX TBeEpJLIX Tet. Onnako JWisA IlpakTHKH HaH- 
(OombuMi MuTepec NpexCTaBasaer ucceqoBaHHe alresHn nod MMEPOB HM aMop@HBIx 
Tell C UX BeCbMa CJlOXKHOM H, BoOOUe roBops, Hepery.sApHoti MOJI€KY JIS pHOH 
eTpyktTypoi. Ilostomy HeoOxosumo u3yuntTp 3aKOHOMEPHOCTH OOpa30BaHHA 
ABOHHOTO 9JIEKTpHYeCKOrO COA pu KOHTaKTe NOJIMMEPOB WJIH aMOP*PHbIX Tew. 
Ilpeanonox¥M, YTO MpHnoBepxHocrTHbIi col OLHOTO 13 KOHTAKTHp YIOWLHX 
Tel HaCbINLeH JOHOPHEIMM, a pyroro — aKIeNTOPHbIMK MOJleKysiamu. Unena 
MOHOpOB HM akilenTopoB Ha | cm? cooTBetcTBeHHo N-z u Nz. Baewem HeKOTopoe 
YCpeMHeHHOe NoO/lO%KeHHe JOHOPHIX HM akllenTOpHbIX WeHTpoB (cm. puc. 1). 
KpuBasd oKka3piBaeT 9Hepruio SeCKTpOHA, IIpH¥emM 9HepreTH4ecKkan sama Ny 
COOTBeETCTByeT OCHOBHOMY YPOBHIO 9JleKTpoHa B AoHopHom, a N, — B akuyen- 
TOpHOM WenTpe; d, u dy — paccToaHue onopos ui aKIeNTOPOB JO TpaHHllpl 
pasqeita u Wo — pasHocTb sHepreTuyecKuX ypoBHeli 91eKTpOHAa B JLOHOPHOM 
M aKIeNTOpHOM WeHTpe. Korga snepreruyeckuli ypoBeHb 9/1eKTpona 
B AKIleNTOPHOM WeHTpe paciosowKeH HW2Ke, eM B JOHOPHOM, TemvioTa 
peakiiun Wo — nojowKUTeIbHad BeMUMHA. 

Cneuuuka 3aauu COcTOHT B TOM, YTO peakIiA IpOXOgUT N10 BCeli MlOBepXx- 
HOCTH, TaK YTO Kalai JOHOPHO-aKUellTOpHad Mapa OKasbiBaeTCA B 9/IeKTpO- 
eTATHYECKOM MOJI€, CO3aHHOM JPyruMM MpopearupoBaBIUMMU Mapamu. Yro 
Tole W3MeHAeT pasHOCTh MexAY SHepreTuuecKuMU YPOBHAMH 9JICKTpOHa, u 
FenoTa PeaKUHH 3aBHCHT, TaKMM OOpa3oM, OT 4NCJIa mpopearMpoBaBUIUx 
| XenTpop. PasnoctTh Mexly NOTeHIMaJIbHBIMM SHEPrusiMu 9JIeKTPOHa B JJOHOpHOM 
4 AKIeNTOPHOM IWeHTpe onpeyeiseTca BbIPaxKeHHeM 


W (2) = W, — eAV (n); (1) 


yiecb A V (n) — pas3nHocTb noTeHiMasoB Mey WeHTPpaMHW MOTeHUMasIbHbIX AM 
{MIA Se€KTPOHA B AOHOPHOM HM aKUeENTOPHOM WeHTpax, Co3qaHHaa mowem oc- 
JIbHBIX, Y2KE MpOpearMpOBaBLIMX JOHOPHO-aKIeNTOPHBIX Map. 
IIpeqnon0xHM AIA ompeseneHHocTH, 4TO MMOTHOCTD AOHOPHBIX WeHTpoB 
Hbie, YeM akuenTopHEIx (Ng < Na). Jlanee Oyyem cunTaTb, 4TO aklentTop- 
BIC WeHTPbI AOCTATOUHO MJIOTHO pacnOJIOXKeHbI Ha MOBEPXHOCTH, TaK 4TO 97IeK- 
OH JOHOPHOrO WeHTpa NepexoguT B OIMKaHIM aKUeNTOpHHI WeHTp, pac- 
|lOJlOX%KEHHBIM HaMpOTHB WIM «<OUTH HampoTuBy JOHOpHoro. Crout yKa3aTb, 4TO 
Ce J\aIbHeEHUIMe BbIKMaKH OCTaIOTCA MOUTH HeH3MeCHHbIMH UH B TOM culyyae, 
Pa SJIEKTPOH JaHHOrO AOHOPHOrO WeHTpa MOXKET «BLIOHPAaTb»y MEX Ly HECKOJIb- 
MH akienTopaMu. OTMeTHM TakxKe, YTO BCIOAY B WabHeflIeM MBI cunTaem, 
TQ SJIEKTPOHbI He MOryT CBOOOAHO NepesBUraTbCA BAOb MOBepXHOCTH. 
_/CocTosHue paBHoBecus CHCTeMbI OmpelerseTca 13 yCJIOBHA MHAHMMyMa CBO- 
HOW 9HeEpruv Kak PyHKUMM Hoa MpopearnpoBaBlIAx JOHOPHO-aklenTop- 
IX map. MuHaye ropops, cBo6oqHan 2Heprusa, CHCTeMBI 


F = Fo+ AF (n) = Fy + AE (n) — TAS (n) (2) 
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B COCTOAHUH paBHOBeCH YyOBJIeTBOpAeT YCAOBHIO (OF /On)r = 0; 3eCh 
nh — uMCO MpopearHpoBaBMMx Map Ha | cm’. 


Ypeiuuente 9HTPOMMH B Mpowecce peaKUHM OlpeseIAeTCH COOTHOIMCHHEM 


Ni 
Rene ein eo mb (Ngln Ng (Ni— nf) 10 (po 
; | n! 

EcrecTBeHHO, TO CCH HCO aKUeMTOpOB MeHbIWe YHCa MOHOPOB, TO 
B @opmyaie (3) BMecto Ng QomKHO surypHpoBaTb Ng. 

B cayuae, Korga Wis SIeKTPOHA KAKAOTO MOHOPHOFO WeHTpa eCTb BO3MO%K 
HOCTb BLIOOpa M@XK Ay HECKOJIBKUMM AKUeCNTOPHbIMM WeHTpaMM, BbipaxkenHe AA 
AS (n) HeCKOJIbKO H3MeHHTCA HM B Mpesese, Kora 9leKTpOH J1OGore AoHOpa MO 
*KeT OKa8aTbCA Ha JIKOOOM akUlelTope, IpMHHMaeT BUI 


N |! NAO ‘ 
as a 
In Na— nin! tin (V,— n)! nt |. (3a 


AS (4) = h| 


Moi B OCHOBHOM OrpaHHYUMCA TeM Cly4aeM, KOra CpaBequBa PopMyvia (3), 
NOCKOIbKy BCe XapaKTepHble YepTbl pe€aKILMH MOJIHOCTbIO IPOABJIAIOTCA B STOU 
MOJeIH H IIpMMeHHTeJIbHO K peaJIbHbIM 3aauaM Mojedb BeCbMa TipaBdonooOna 
M3menenue BHYTpeHHelt 9Hepruu cucTeMbl paBHo: AE (n) = — n [Wo—eAV] 
M¥HuMM3upyaA MO n CBOOOAHY!IO 3HEprHio, MosyraeM 


a AAV Ny—n 
(F) = — Wo +eav (n) fen erin — = 0, (4) 
oTKy a 


We ey (eee | 
et | on i 5 
gear ez kT ( 


YroObl onpesesuTb n, HEOOXOLMMO 3HaTb Bu dyHKunu AV(n). Ecau 
COCTOAHHH paBHOBeCHA 4HCIO NMpopearHpoBaBlIHX Map jOCTaTOYHO MaJIO 
AV(n) tlpakTw4uecKH paBHO HyvIfO; Korga 
pactet, dyHkuua AV(n) umeet, BooOnie ro- 
BOP, JOCTATOUHO CJIOMKHIN BU, MOCKOJIbK 
HeOOXOMMMO YUHTHIBATh JHCKpeTHY!O CTpyK- 
‘TYpy 4BOHHOrO cJIOM. Sayaya onpeseleHus 
AV(n) mo cyulecTBy Toxwx,ecTBeHHa c pod 
JieMOM BLINHCJICHHA MHKPOMOTeHIMala, HMelO 
ule BaxkKHOe 3HaveHHe JIA 3JIEKTPOXHMHM 
CuelyeT 3aMeTHTb, OJ,HaKO, YTO B HalileM Cy 
uae BpA JIM wWeslecooOpa3sHo MpoOBOANTE 
cTporoe BpluucieHuve AV(n) c y4eTom JHC 
KpeTHOM CTPYKTYPbI ABOHHOTO COA, XOTA 
9Ta 3aaua M CBOAUTCA K KPOMOTJIMBBIM, HO IIPHHIHMHaIbHO BeCbMa HeCJIONK4 
HbIM BbIYHCJIeEHHAM (¢M., HampuMep, (?)). | 

JlelicTBuTebHO, BO-TepBbIX, PaCCMaTpHBaA JBOHHOM cAOH Cc AuCKpeTHOH 
CTPYKTYpOH Tak»xe HEOOXOAMMO MIpeIOKUTb Kakyl0-JIHOO KOHKPeTHY!O MOJeJIb 
(HanpuMep: mMpopearupoBaBuive Mapbl OOpasylOT MOCKy!lO TeKCaroHadbHy!0 
pelleTky), Tak uTO xapaKkTep dyHKunu AV (n) no-mpexHemy ocTaeTCA HeCKOJIb4 
KO YCJIOBHbIM. Bo-BTOpbIX, KOra HCO NMpopearupoBaBLINX Tap nocTaTouHd 
BeJINKO (a JIS HaC HHTepeceH HMeHHO 3TOT CJy4ali), MOXHO AyMaTb, 4TO OM 
CbIBAA TBOWMHOM COM KaK KOH/leHCaTOp C «pa3Ma3aHHbIM» MO MIOCKOCTH 3apa 
JOM, MbI NOJIYYMM JocTaTOUHO xXopoee IpHOMxKeHHe. HakoHell, B HacTostTeq 
BpeMs, KOPla IKCNEPHMeHTAJIbHbIM MaTepHadl MO U3y4eHHIO 3aKOHOMepHoctTeH 
JOHOPHO-aKIenTOPHOH CBA3H IIpH KOHTaKTe TBep AbIxX TeJI IpaKTHYeCKH OTCYT 
CTBYeT, BPA, JIM Hy2KHO CTPpeMHTbCA K OOMAHYHBON CTporocTu, HO CyleqyeT LaTh 
Ka¥eCTBeHHOe ONMCAaHHe Mpolecca, a TaKKe OMCHHTb, HACKOJbKO peasIbHO MO 
KET ObITh BJIMAHHE JLOHOPHO-aKUeNTOPHbIX peaKUHH Ha CHJIbI alresHH. 
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Yumotesa «miocKoro KOHJeHcaTopay Bowe YNOBJIETBOPAeT 3THM ILeJIAM. 
Amen / dy ds ieee 
pu stom AV(n) paso: AV (n) = (< ae ). MHoxkuterb a cBasan 
\ €1 2 

> Tem, uTO AV(n) onpeyensetca TOKO MOWIeM «BHELIHHX» mpopearupoBaBiiux 
‘Map, a YaCTb «pa3Ma3aHHOTO 3apsyay, CBA3aHHaA Cc Toi JOHOPHO-akyentop- 
HOH MapoH, AIA KOTOpo H ompeyensetca AV(n), npu BEIUMCHeHHH He OMKHA 
-YUUTHIBATECA. 

{3 seMeHTapHEIx cooOpaxenul BUHO, UTO MOKa MOTHOCTH 3apaga oe 


CTAaTOUHO BeMKU (/Vin=d, + dz), a — meanenuo MeHSAIOMLaAcd (PYHKUHA n u 
NO MOpAAKY BeIMYMHbI OM3Ka K eMHULe. | 
Yuutpipaa Bug A V(n), umeem 


Wo— eBV (n) 

ic Nya exp| RT cE (6) 
r , 

| ieee ha 

THe Via) = 4ncen (—- or ) pa3HocTh 


‘MOTeHUHAIOB MexKY OOKalKaMu JBoitHo- 
‘ro cos, af = 2/a He saBucutT oT n HO 
MOpayky BenuunHE! 61u3KO K equnute. 

_ Kak suyHo u3 (6), aa onpenenenua 
CIELyeT PEWIMTh TpaHCleHJeHTHOe ypaB- Puc. 2. 

€HHe, YTO MOXKHO ClelaTb rpaduyeckn, wees : 
leCIM 3aaTb OMpeyesieHHble 3HaueHHA Ma- memeeD LW: Te) ene 
‘PaMeTpos. OjiHa 43 HalliMx 3a,ay COCTONT B NGG. Tr Te 
OlWeHKe MOPAKa BeIMYHHb! nN, TOITOMYy . 

emelyeT ClenaTb pa3yMHbIe MpesnosoxKeHHA OTHOCHTEDHO llapaMeTpoB 4 
MOCMOTpeTb, KakHe 3HAYeHHA NM MbI MOJyUMM. 

Ecimpemonoxurs, uto d, +-d,~ 5-10"? — 10-? cm, Wa 0,0 lene 
|iNa =~ 107? — 10'4 cm"? ne, = &, = 10, To merKo yOeIUTECA, UTO N 10 MOpAy- 
|Ky BeawunHE! paBHo 10''—10'*. Takne 3HayeHHa n CooTBeTCTBYIOT MOTHOCTH 
|3apaya wBowHoro con 10?—10* CGSE u moryt o6ecneuuts cub alresun mo- 
|P41Ka COTeH KHJIOrpaMMOB Ha KBajlpaTHbIit CaHTHMeTD. 
| Takum o6pa30M, MOXxKHO AyMaTb, 4YTO B OMpeseeHHOM K.lacce cly4aeB jo- 
|HOPHO-aklenTOpHad CBA3b H OOYCOBJIEHHbIH €10 JBOHHOM 37eKTpHueCKHH Col 
/4rparoT pelliarouly!o poOJlb B ABJeEHMAX ayresun. HeoOxoxumMEmM ycoBuemM o6pa- 
/3OBaHUA JOCTATOUHO MOTHOFO ABOHHOFO J/IEKTPHYECKOTO CJIOA ABIAeTCH Npen- 
|BaPHTebHOe HacbinjeHHe OLHOM U3 pearupytOulMX MOBepXHOCTel OHOPHBIMH, a 
}pyrou — akllenTOPHBIMH (PyHKIWMOHAaJIbHBIMM rpyntamn. 
| B Hactosmmee Bpema u3BecTHO JOcTaTOUHO OombIIOe YNCIO MO”eKY. H pyHK- 

cine thy PpyMn, OOayaoujuX MOHOPHbIMH UJI aKIlelTOPHbIMH CBOLCTBAa- 
JMU, H, Moqo6paB cooTBeTcTByIONIMe NapbI HW HacpILLad MMH MOBepXHocTb, MoxHO 
|aCCUMTEIBaTh Ha CO3aHHe BEICOKOH ayresuu. Cnexyer NOLYepKHYTh, YTO B pa- 
}orax H. A. Kporosoli u JI. II. Moposopoii (4) Ha6moyxasach 3aBHCHMOCTE 
| oTHocTH ABOUHOTO SJIeKTPHYeCKOrO COA HM Aare3HOHHbIX CBOHCTB OT XHMH- 
fecKOH MOQUUKAaLMH MOBepXHOCTH. 

i) B YaCTHOCTH, u3BeCTHO (3), YTO JWIMHHbIe MOJIEKYsJIbI C CONPAXKeHHBIMH CBA- 


‘pynnamn. 
Hcnonp3ys (6), MoxHO CelaTb HeKOTOpHIe JOOONBITHBIE BbIBOAbI O Xapak- 
pe mpomecca oOpas0BaHuA jBolHoro com. Cneuuduka paccmaTpHBaemoij 


| ee: B TOM, 4TO Tpouecc O6pas0BaHuA BOHHOTO CJIOA ABJIAeTCA. CAMO3a- 


| OPMaxuBatomumMes. Ecam c caMoro Ha¥asia Nepexoy II€KTPpOHA OT MOHOpa K 
enlTopy CBa3aH Cc MorjonjeHvem 9Heprun (W, < 0) uw peakuna 9HLOTepMu4Ha, 
| 0 ce SHAOTEPMHYHOCTH BOSpacTaeT 10 Mepe OOpasoBaHHA ABoHHOrO culos. B pe- 
JIbTaTe COCTOAHHe PaBHOBECHA JOCTHTAaeTCH TPH MCHbINMX 3HaYeHHSIX N, 4eM 
ean Obl SHEprHsA, Normoulaeman peakuHei, Obiia Heu3meHHa. Ecan W,>0, 


e@akuuvaA BHauyaie 9K30TEPMHYHa. Ilo mepe o6p a30BaHHAl JIBOHHOrOo CNOA TenJIoTa 
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a 


peak YMeHbIIaeTCH, M MOXKeT OKa3aTLCA, YTO elle JO OCTMKCHUA paBHO 
BeCHA PeaKIMA U3 IKZOTEPMHYECKOM CTaHeT JHOTeEpMMYECKOH (BMOMEHT, Kory 
2AV(n) okaxetTcx Gombe W,). 


aia d. : 
Brpegem o603HayeHHe Y = 4773 (4 4) H mepenuutem (6) B Bune 


n 1 
Ny ‘t-+exp{—[Wo— yn] / kT} 


(7 


PaccmaTpuBaxd 1 Kak PyYHKUMIO 7, MO%KHO JerkO yOeAHTECA, YTO ECM KO 
peHb ypaBHenna (7) pacroioxKeH B OOlacTH yn < Wy, TO n MapaeT c poctom TJ 
Hanpotus, ecm KopeHb ypaBHeHHA pacnomowKeH B OOsacTH, rae yn > Wo, 
TO fM — MOHOTOHHO BoSspacTaiollad PyHKUMA Temmepatypbl. IIpoure Bcero 3TC 
MOXKHO MOKa3aTb, HCCIe_yA ypaBHeHue (7) rpacbuyecku (cM. puc. 2). KopeHe 
ypaBHeHHA onpelemAeTCA TOUKOH Mepeceyenua mpamow y = n/Nqg c kpuBon 
ompelemnemou mpaBonw uactTpio (7). 

Kak BHHO u3 rpaduka, yBeMYMBad Mp MpounX HeH3MeHHbIX YCJIOBMAX 
HaWaJIbHYIO KOHI[CHTPalMi0 JOHOPHBIX WeEHTPOB, MOXKHO 9K3OTEPMHYCCKY!O peak- 
UHIO IIpeBpaTHTb B SHAOTeEpMHYeCKyIO. 

STOT BbIBOA, IPeACTAaBJAeCTCAH OCOOEHHO HHTePeCHbIM, TAK KAK BO3MO%KHO, UTC 
aHajlorHuuand CHTyallHA BOSHUKaeT H B 3aayax XemocopOuMH, Kora MocresHA 
OOYCJIOB/IeHa JOHOPHO-aKUelTOPHOH CBASbIO, a TaKxKe BIIpOOJIeMax, CBASAHHBIX 
C oOpa3s0BaHHeM ABOHHOrO COM Ha rpaHHlle TBepfoe Teo — 9IeKTPOMUT. | 

B 3akm104ueHHve 3aMeTHM, 4TO CCIM W3MeHeHve SHTPONMU onpenesmsetcs 
dopmyohH (3a), TO, MHHUMH3HPyA CBOOORHYIO SHEPrHio, BMeCTO ypaBHeHua (5) 
nowyyaem 


n2 = W,— eAV (n)— en OAV (n)/On 
a So ae kT if 


Bpipaxkato OlarogapHoctp Bb. B. Jleparuuy 3a BHuMaHMe K pa6oTe. 


MucrutyT dusnuecko xumMHu Tloctynuio 
Axajemun HayK CCCP 19 I 1961 


IMTHPOBAHHAA JIMTEPATYPA 


'B. B. Cangomupckudh, B. Tl. Cmuara, u3. taepy. tena, 1, 2 (1960) 
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Db. B. Wvep a'r u a;) IAB 122: Ne 6 (1958). 20. Eom, Mella x ent Kote 
236,(1943),  3°C) Pm, Bos6y2x1eHHBIC COCTOAHHA B XHMHH H OHoNoruu, VJI, 1960 
“H. A. Kpotosa, JI. Tl. Mopososa, JJAH, 129, Ne 1 (1959). 
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Woxrazagp Akawemun nayr CCCP 
1961. Tom 138, N 5 


PH3SHTECKAA XHMHA 


B. B. COBOJIb u 3. A. HOA 


' MCCJIENOBAHHE MOBEPXHOCTH DKEJIESHOPO JJIEKTPOJA METOXOM 
MV3SMEPEHHS CHAWA NOTEHUMAJIA MOCJIE PASMbIKAHHS TOKA 


(ITpedcmaeaeno axademukom A. H. ®pymckunoim 2 II 1961) 


Ws 


q Ilo CKOPOCTH Cilajla NOTeHIMaslia MOCIe Pa3MbIKaHHA NOJAPHSyloOulero TOKa 
_ MOX%KHO BbIYHCJIMTb CMKOCTb 3JICKTPOa. BprancaeHue CEMKOCTH IIp OASBOJIMTCA TIO 


~ dopmyste SUE 
An, = bg (1+ ="), (1) 


roe Ay; — cna nepeHalipsKeHHA KO BpeMeHH 7, i, — MJIOTHOCTb MOuApH- 
j 3yloulero TOKa, C — eMKOCTb 3IeKTposa, b — KoxpdpuuMeHT B ypaBHeHun Ta- 
dena. Ypapuenne (1) crporo MpHMeHHMO JIMUIb Mp YCJIOBHM, 4YTO TOK CaMO- 
| paspsajla smeKTpoya 3aBHCHT OT MOTeHIMala NO ypaBHeHulo Tae, HU CMKOCTb 
‘SNeKTpOfa MpeswMomaraeTcA MOCTOAHHOH B paccCMaTpHBaeMOM HHTepBasle TMepe- 
HalpsxKeHHA. SayepxKKH WIM MOWLa_KH Ha KPHBOM 3aBHCHMOCTH MOTeHUMada 
_ OT BPe€MeHH MocsIe pa3MbIKaHHA TOKa YKa3bIBalOT Ha HapylieHHe HOpMaJIbHOrO 
“mipowecca caMopa3psya 9eKTposla. 

B walliux W3MepeHHAX B CJlytae OOUIIIMX EMKOCTeH WJIM He OUCH OOVIBLUIMX: 
| 3HaueHHt i,, KOra HavabHbId yYaCTOK KPMBOMU Ciaja IpoTeKaeT 3a BpeMA He 
_ MeHee 107 cek., HCHOmb30BaICA WelpoBEi ociumorpap MIIO-2 c seKTpou- 
HBIM yCHJIMTeIeM MOCTOMHHOrO TOKa Ha Useltde C COOCTBEHHOM YaCTOTOH Koule- 

Oannit 2000 ru. IIpu Bermucnenum MasbIX EMKOCTeli IIpHXOAMJIOCb OTOpacpIBaTb 
HeCKOJIbKO TOWeK B HavasIbHOH YaCTH KPMBOM cnaga, rye HaOmOMaMOCb HCKa- 
*Kenuve xoza KpuBoli. J\na cbeMKH KPMBBIX CMaqa, MpoTeKaloulero C OOMBIMON 
CKOPOCTBIO, NPHMeHAJICA SJIEKTPOHHbIH OCWMorpad, pH MOMOUM KOTOporo 
“MOX%KHO ObIIO H3MePATb H3MeHeHHe MOTeHIMalla 34 MPOMe2KYTKM BpeMeHH JO 
5,4 -10- © cex. Oumm6Ka B ONpesesIeHHH EMKOCTH B Pa3HbIX YCIOBHAX YCHJICHHA Hi 
CKOPOCTH pa3BepTKH cocTaBAA JIA WehpoBoro ocunsorpaba 5—7%, Aaa 
suleKTpoHHoro 3—4%. 
Ilpu qutTebHOu KaTOLHOM NOMApPHsAaIIMH B WlesOUaX *KeMe3HOrO, a Take 
HUKeJIeBOrO 3/IEKTPOMOB HaGvHOWaeTCA POCT MepeHalpAKeCHUA Yo BO BPeMeHH 
IIpH OOvIbIMX MJIOTHOCTAX TOKAa, KOTOPBIii B (*,”), CBASbIBAJICA C YBeJIMYeHHeM 
aCOpOUMN BOMOPOAa Ha 3/IeKTpOse MH OOPas0BaHHeM MOBEPXHOCTHBIX THAPHAOB. 
-B (°) pocr nepeHanpsxKeHuad Ha 2Kele3HOM S/leKTpofe OODACHAeTCA USMCHEHHA- 
“MH IOBepXHOCTH HM MpOHHKHOBeHHeM BOsOpOda BHYTPb MeTaa. B (4) aBtoppi 
CUMTAIOT, UTO POCT MepeHanpAKeHUA Ha reese M HUKEe CBASAH B SHAMHTCuIb- 
‘Holi Mepe C 3arpa3HeHHAMH, BbIlleayHBaeMbIMH M3 CTeKJa AYeHKU, TaK Kak B 
‘TIOMMCTHPOMOBOH sAYelKe pOCT MepeHampAKeHHA SHAYHTeIbHO YMeHbULAJICH, 
BemectBa, oTpaBsAOUlWe MeTaNMMyeCKHe SCKTPOMbI WM MOBHIMAIOMIMe MepcHa- 
‘Tips2KeHue, MOryT TakxKe yBeJIMUMBATb IPOHHKHOBeHHe U mudby3uio Bosopoya 
BHYTPb MeTawuia (°,°). 
Hamu ObiM mpopesaHbl OMBITEI 10 CHATHIO KPMBbIX Cilafa NOTEHUMATA ACES 
Horo agekTpoza B 1 N KOH u 1 N LiOH, a Takxe x*e7esHoro 3eKTpOota, 
TPaBJIeHHOFO PTYTbIO, B TeX Ke PaCTBOpPaXx HU B 1 N HSOs. OnbiTbl MpoBodH- 
HCb B aTMOCciepe BOLOPOa B MOMHCTHPOJIOBOH AYCHKE. 
)Kene3o cdbupMbl XuJprep, MPHMeHABINeeCH B HalIMX OMbITAX (uIaCTHHKH C 
BUuMOH MOBepxHocTbIo 0,2—0,5 cmM2), BOCCTaHaBJIMBaIOCcb B TOKe BOMOpoa 
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apu 800—900°. Ha puc. 1 noka3aHa 3aBMCHMOCTb BbIUMCJIeHHOH M0 ypaBHeHHio 
(1) emKocTH xeule3Horo 9ueKTpoya OT MepenanpsKenua BI N KOH. Ipu 
YMeHBIICHHH MCXOJHOFO MepeHalpsoKeHHA Ny EMKOCTb, BbINHCJIeHHAA 43 Ha- 
YaJIbHLIX yUaCTKOB KPMBbIX Cala, YBeMYNBaeTCA, OMHAKO NOCIe AOCTHKEHUA 
1) = 0,4 B CHOBa lajaeT; IPH 5TOM MOTeHUMale Ha KPHBOM HaO/OLaeTCA MaK- 
CHMyM. ; 
SHaveHHA EMKOCTH, PaCCUHTAHHble MO OTebHBIM yYaCTKaM KPHBOH craya, 
Kak IipaBHio, pacTyT CO BpeMeHeM, MpOTeKIWHM TNoCse pasMblKaHUA TOKa, H 
HpOXOLAT Yepes MaKCHMYM, HO MPH HeCKOJIbKO MeHbINeM NepeHamipsxKeHun 
(puc. 1 6). Bompuiasit BeJIMuMHa eMKOCTH 110 CpaBHeHHIO C JBOMHOCJIOMHON, a 
TAKKE YBeJIMYeHHe EMKOCTH CO BpeMeHeM, MPOTeKINHM MOCe PasMbIkKaHHA TOKA, 
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Puc. 1. 
*KeMe3HOrO 


Puc. 3. 3aBHCcHMOCTb Cnajla MOTeH- 
unMata An, OT BpeMeHH pH MIoT- 


3aBHCHMOCTb @€MKOCTH 
31eKTpoa B 


Puc. 2. CrainonapHpie 
TlOAPH3auHOHHBIe KpPH- 


1N KOH of nepenanpsKeHHa BbIe AKEESHOTO 9eK- yocTH ToKa fy = 107? a/cm? ans 
11; @—eMKOCTb, paccuHTaHHad Tpoa,  OTpaBeHHOTO >xene3Horo 3uleKTpowa: a — oT- 
10 HawaIbHOH “acTH KpHBbIX pTyTbio B 1 N KOH B_ papnennoro ptyTbio B TeyeHHe 
caja (pasHple o6o3HayeHHA Teyenve: a@— 30 ceK., 10 mun., 6 — ana HeOTP aBsJIeHHO- 


OTHOCATCH K Pa3HbIM OMbITaM); 
6 — eMKOCTb, paccuHTaHHad 110 
OTJCIbHbIM YyUaCTKaM KPHBOH 
Clafa Mocule NOMAPH3allHy npH 
WWOTHOCTH ToKa 107? a/cm? 


6—3muu., 6 — 10 muu., 
2 — OTpaBJleHHe B Teue- 
Hue 10 MHH., KpHBaa 
CHATa cpasy  mocle 
BKJIOUCHHA TOKA 


ro smektpoga B 1 N KOH 


YKa3bIBde€T Ha SHAUHMTCJIBHOE 3aNOJIHEHHE MOBepxXHOCTH ajl\copOupOBaHHbIM BO- | 


JOpOJOM; CTeMeHb 3amouHeHHA ocTHraeT 15—20% (+). YMenbuleHHue eMKOCTH 
Ip 7) = 0,4—0,35 B, BepoATHO, CBA3aHO C TeM, 4TO IIPH STHX MOTeHWMaIAaX 
YMeHblUaeTCsH KOJIMYeCTBO afcopOHpoBaHHOrO BOJOposa Ha NOBepXHOCTH, a 
CJIelOBATeJIbHO, H CKOPOCTb ero MOHU3AILMH. 

JIA OMbITOB C XKeJI€3HBIM 3JIEKTPOOM, OTPaBJIEHHBIM PTYTbIO, raJlbBaHHye- 
CKO€ IIOKPbITHe SJIeKTPOAa PTYTbIO MpOBOAMMOCh B OTMeNbHOH AYeHKe KaTOI- 
HOH NOMAPH3allHe B HAaCbIIIeHHOM pacTBope HgO B | N KOH Toxom 10°? a/cm?. 


CreleHb OTpaBJeHUA ONpeseAMAaCh MPOLOJMKUTeEMBHOCTLIO KaTOAHOM MovsA- | 
pusaimu. Ha puc. 2 npexcTaBJieHbl NOMAPH3alMOHHbIe KPMBbIe, MOyUeHHble mpH 


pa3JIMYHBIX CTeEMeCHAX OTPaBJICHHA 2XeNesHOrO JeKTpowa pTyTH1O. IIpu 3HauH- 
TCJIbBHbIX OTPaBJICHHAX NOJIAPH3ZaWHOHHbIe KPHBbIe COCTOAT H3 AByX uacTel. 
IIpu Oompumx naoTHoctax tToka 2-10-2—5-10-° a/cm? KxosddunneHt 6 = 
=0,12—0,13, npu Menputmux maotHocrax ToKa 5- 10-8—6,3-10-* a/cm? xosdiu- 
WHeHT b KoleOneTCA BIpenemax 0,23—0,26.AHaOrMuHble NO/IApH3alMOHHble KpH- 
Bble OblIM WouyueHbt B ("). Ha KpuBbIxX casa NOTeHWMaa NpH OOMBUIMX OTPaB- 
J€HHAX HM iy = 2-10-2—1-10-? a/cm? Ha6mogatoTca nuomanKu. Iloresunan 
SJIEKTpOfa NOce pasMbIKaHHA TOKa CMafaeT CHavasla MUIb Ha 50—70 MB 4H B 
TeyeHHe onpeleseHHoro BpemeHu (mopayka 0,1—1,0 cex.) nouTH He MeHseTCH, 
a 3aTeM CHOBa MejWIeHHO cragaeT (puc. 3). IIpH ymMenbueHuu yn, ykKa3aHHad 
MIOULaKa MponmaqaeT, H 3HaveHHA eMKOCTH cocTaBaaioT 100—150 w F/cm?. 
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Jp fasibHeHIeM YMeHBINeHHH i, JO 3HaueHHii 2,5-10-°—6,3-10-4 a/cem?, em- 
OCTb SJIeKTpORa CHMXKaeTCA NO 25—35 uF/cm?, T. e. 10 3HayeHuli, O1u3KUX K 
€MKOCcTH ABonHOro culos. IIpu caa6prx (*) oTpaBseHusx B TeyeHne 30 CeK. eEMKOCT 
‘MipH BCexX MOTHOCTHX ToKa He IpeBbiitaeT 35 wF/cm?. 

_ B ompitax no usyyexuio zudpy3suu atomapHoro Boxopona Yepe3 2KeJIe3HYIO 
MMacTHHKY ObiO HalileHO, YTO NepenanpsAxKeHHe 9NeKTPOa, OTPaBseHHOTO pTy- 
TbIO, YMCHbilaeTCaA pu Audpysun yepes Hero Bogopoya (*). Kak Gblio M0Ka3aHO B 
padote A. H. ®pymxuna (°), 910 BosMoxHO pH MasioM 3anonHeHHH TOBep X- 
HOCTH aTOMAPHbIM BOJOPOOM B Pe3yJIbTATe YBeIMYeHUA CKOPOCTH 3.1eKTPOXH- 
MHYeCKOH JecopOunu. Haiiennoe Hamu 8HayeHHe EMKOCTH TaKxKe yKa3bIBaeT Ha 
He3HauHTebHOe SallOJIHeHHe MOBEPXHOCTH XKeNe3HOTO BJIEKTpOa, OTPaBeHHOroO 
PTyTbio, ascopOupoBaHHbIM BOOpOOM. 

I[nomankw Ha KpHBbIX Chala yKa3bIBalOT Ha HamMune aHogHoro Mpouecca, 
MpoTekatolero pH pa3sMbIKaHHH TOKA, KOTOPbI 3aMelWIAeT TaleHHe MOTeHIM- 
aia. KomMuecTBo BellecTBa, HOHH3Hpylolleroca pu MOTeHWMase MiomalKH, 
MOXeT ObITh NPHOMMKeEHHO NOACUMTAHO 10 ypaBHeHHio 
. | n= (2) 
Tle n — ancso MOHM3YIOILHXCA ATOMOB, i — TOK, COOTBeETCTBYIOULHH TMOTeHIL- 
aly MIOWatKH Ha NOMApHsallMOHHOH KpuBol, Af — AHTebHOCTL 3aepxKKH, 
g — 3apA 2eKTpoHa. 

SuayeHwe , MOMyYeHHOe U3 KPHBBIX cMaa C AOULaLKoli, cocraBanoO 
3—6 -10*°. Jlerko 3ameTuTb, YTO MIOMLaKM UW SaBbILIeHHbIe 3HaYeHUA eMKOCTH 
HaOMOLAalOTCA TOMbKO MOCe NOCTHKEHMA YUACTKA MOJAPH3aMOHHO! KPUBOSi 
¢ kosppuiventom b = 0,12—0,13u 3nauenuii yn, = 1,0—1,1 8. Moxkuno npegno- 
JOHKUTb, YTO IIPH BbICOKHX MepeHalpsxKeHHAX Ha MOBEPXHOCTH 93/IeKTPOa 
B 1 N KOH o6pasyerca amaprama Kasua. [pu pasmpikanun TOKa Ona pa3via- 
TaceTcA HW SJIeKTpO COxXpaHsAeT MOTeHWMa, OH3KHM K NOTeHIMAaY pa3saraio- 
meica aMabrambl. Monusalua pactBopeHHoro B PTYTH KaJMA NpelcTaBssAeT 
coOoH aHOmHbI mpouecc, B pesyJIbTaTe KOTOPOrO Ha KpHBOM craza COOpasyeTca 
moulalKa. 

SHayeHve y) = 1,1—1,2 B, no-BugumMomy, yoctaTouHO Ia OOpa3s0BaHua 
aMaJIbraMbl, Tak KaK OHO COOTBeTCTByeT —2,19 B HOH. K. 9., a MOTeHIMAa 
NOJIYBOJIHBI HOHA KaJIuaA paBeH —2,17 BO H. K. 9. 

IlomApusauMoHHble KpHBbIe, MpescTaBJeHHble Ha puc. 2 a—e, NowyyeHbI 
Nlocye IMTeMbHOH NOAIpHsalMH. Cpasy xe Mocse BKJIOYVeHUA TOKA MOJIApH3a- 
IMOHHaA KPWBaH Jlawke B CJlyyae HaHOOJIbIero OTPaBJIeHHA MpOXOAUNT 3HAaUH- 
'TeIbHO HMKE CTAIMOHAaPHbIX 3HayeHHH (puc. 2 2). B tTeuenne 1,5—2 uac. 
NOMHUMaeTCA HM NOJAPH38alHOHHAA KpHBaA MpHHuMaeT (bopMy, yKa3saHHy1oO Ha 
ipuc. 2 6. Tak Kak Ip CHATHH KPHBbIX Casa NOMALKH MOyYalOTCA TOKO 
Tp JOcTHxXeHHM H)—1,1 B, TOB cCay4ae CoCcTOAHUL S/IeEKTPOa, COOTBeETCTBYIO- 
MMX PHC. 22, IPH KOTOPbIX 9TO 3HAYeHHE 1, He JOCTHaeTCH, EMKOCTb Mocule pas- 
MbIKaHHA TOKAa IA BCeX HavaJIbHBIX MVJIOTHOCTeH TOKA Takasd Ke, KAK HW MPH Cla- 
(0om oTpaBueHuH, T. e. 25—35 pF/cm?. 

_ WUsmepenua emkocTu xee3Horo 3ieKTpoxa B | N LiOH, npousBeyzeHuple 10 
HavaJIbHbIM y4aCTKaM KPHBbIX Claya, av 3HaveHHA, OJIM3KHe K MOJ1YYeHHbIM 

gus 1 N KOH, a umenuo, onncoctapaaiu 150—200 pwF/cm?, npwyem emKocTb 
‘BeJIHMUMBalaCb CO BpeMeHeM, MPOTeKIIHM Mocse pasMbIKaHuA TOKA. OHaKko B’ 
1 N LiOH jaxe B cayyae asneKkTposa, OTPpaBJeHHOTO pTyTbwO B HaNOoVbIlel 

cTeneHu, He ObIO OOHapyxKeHO Ha KPHBOH Caja MIOWaLOK UM YBeMYeHHBIX 

BHaYeHHH eCMKOCTH MO CpaBHeHHIO C JBOHHOCMONHOH. EMkocTb 9JIeEKTpOa KO- 

jeOanacb B mpegemax 15—25 wF/cm?. OrcytcTBue niomlayKH Ha KpHBOH cnaja 

B JUTHeBOH Ie0"UH MOxeT ObITh OObDACHEHO TeM, YTO IPH MOCTHTHYTHIX Ha 

OMbITe MepeHanpsAxKeHHAX JIMTHeBaH aMaJIbramMa He OOpasyeTCH, Tak KaK 

MOTeHIHa MOMYBOIHbI HOHA JHTHA —2,34 BIO H. K. 9. 

Hamu 6b1IH MpoBeyeHbI TaKxKe H3Me€PeHHA EMKOCTH 2*XeTeZHOrO WIeKTPOLA, 
OTpaBeHHoro pTytbio, B | N H,SO, mp momo d1eKTpOHHOrO OCcMWIWIOrpa- 
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a 
cba. Oka3asiocb, YTO Tipu W060! CTeneHU OTpaBeHHA uM 3HadeHUAX i, oT 8-10-? 
no 6,3 -10-4 a/cm? emKkocTb 3mekTpoga cocTaBana 17—20 wF/cem?. Takum o6- 
paso, IvloulaqKH Ha KpMBbIX CMafqa NOTeHWHada MOMyyaloTCA TOMbKO B IIpH- 
CYTCTBHH WOHOB WleOUHOrO MeTaJIa, ‘KOTOPbI MOxwKeT B JaHHbIX yCJIOBMAX 
oOpasoBaTb aMaJIbraMy, BO BCeX JIPyrHX Cly4aAX CEMKOCTb KesMe3HOrO 3JIeKTPO- 
la, OTpaBMeHHOrO pTYTbIO, 6143Ka K €MKOCTH JBOMHOrO CIO‘. 
B 3aksroueHuve BbIPaxkaeM HCKPeHHIOIO OarofapHocTh akay. A. H. ®pym- 
KHHY 3a BHUMAHHe H COBETHI, OKa3aHHble MPH BbIMOJHeEHHM MH OOCYXeHUU STON 
paodortpt. 


MockosckKuli PocyapCTBeHHbIM yHUBepCHTeT Tloctynuio 
um. M. B. Jlomonocopat 27 I 1961 
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39, 252 (1933). *H. E. Bysauosa, I. A. Itrauos, Tp. 4-ro copem. no s1extTpo- 
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; I[HOHHOTO OKHCJICHHA JBYXBa- 


a 


HTokrnaaygns Akaqemun nayx CCCP 
1961. Tom 138, Ne 5 


®HSHYECKAH XHMH A 


B. T. ®APCOB 


TOPMO3SLEE JEMCTBHE YPAHWJI-HOHA 
HA PARWHAUMOHHO-XHMHYECKOE OKHCJIEHHE JBYXBAJIEHTHOrO 
KEJIESA 


(I pedcmaeaeno axademuxom A, H. Aauxancesim 23 I 1961) 


B padorax (1,”) moka3aHo, 4YTO ypaHH-HOH TOPpMO3HT paylMalMOHHOe OKH- 
C/I@HHE PaCTBOPOB YeTHIPeXBaJIeHTHOrO ypaHa, MIpH4YeM KHHeETHKY TOPMOXKEeHHA 


_ MO*KHO KOJIMYCCTBEHHO ONHCAaTb, TOMb3YACb MOJICJIbIO o6u1y4aemoro pacTBopa, 


upeqioxeHHon AsmneHom. B 
CBA3H C THM Ka3aJIOCb BaxKHBIM 
HCCJI€OBaTb TOpMO3aitee jeli- 
CTBHe ypaHHJI-HoHa Ha xopo- 
WO M3Y4eHHBIii mpotecc pamna- 


JI@HTHOFO 2Keesa. 

IKkenepumeurv. Tia- 
TeJIbHO OOe3raxKeHHbie CepHo- 
KHCJIble PacTBOPbI JBYXBaJIeHT- 
Horo 2Kele3a B CMeCH C ypa- 
HHJI-CyJIbaTOM MOMeULaIHCb B 
KBaplleBble aMIYJIbl C MpHLLIH- 
(OBaHHOH MpoOKOH B Bue Ka- 
IWJWspa c pacumpenuem. Ha- 
JIM4He KallHJapa oOecneynBa- 


—— 
0 G2 Qt 06 08 10 12 14 16 18 20 22 
pis 
Puc. 1. 3aBHcHMOCTb BbIXOMa OKHCMeHHA Fe?+ oT KOH- 
ILeHTpalluHu bo u pH cpenpr. Crombie KpHBble 


JO BbIPaBHUBaHHe aBleHuti BbIUHCJIeHBI TO ypaBHeHuto (1) mpu hy/ke = 0,84 
BHYTPH HM CHapyXKU ammyJibl Oe3 by kpuBok 1 if é bd 
' AOCTyNa KHCNOposa B CHCTEMY. [UO], r-aKn-10-? 4,26 14,91 20,02 42,60 
PactBopbl mogBepramuch JeH- [Fett], r-ske-10-* 50,05 50,05 26,0 50,05 
CTBHIO y-H3y4eHHA HCTOUHNKA - lh Sac ahRAMITTO eel aly is, HO bs 
Co °° C HHTeCHCHBHOCTBIO H3J1y- uO, , r-aKB. +1078 Ne? {29,4 258,8 dite 
[Fe?ti,r-axp.10-$ 50,05 50,05 50,05 50,05 


yeHuaA 1,5-10!9 5p/n-cexk (°). 


at : 
Bausuve KonneHtpamuu UO3* Ha oKucuieHue Fe*" usyyaoch Ip pasJln4y 


HOi KHCOTHOCTH pacTBopa. Pe3sysbTATbI H3MepeHHH, TIPHBeACHHbIe Ha PHC. Np 
MOKAa3HIBaloT 3HAaUvTebHOe MafeHue BbIXofa OKuCJIeHHA Fe*" c yBemHueHHeM 


KOHUeHTp alu UO} u yMenpulenvem KoHWeHTpaltuu H’-vovos. Ha puc. 2 mpes- 


_ CTaABJICHbI KPHBbIe 3aBHCHMOCTH Gres+ OT KOHIeCHTpaluu ypaHHJI-HOHa TIpH pas- 


oad 


auunprx pH, nomyasenupie 43 aHHbIx puc. |. 
O6cyxAeHNe. B antepatype oObl4HO MpesnouaraioTcA CieMyrIoulHe 


2 
“peaKUHM Ip pasMouUTHYeCKOM OKMCeHHM BOAHEIX pacTBopoB Fe** B oTcytT- 
f 4-9))\. 
ctTBue O, (cM., Hanpumep, padorpi (*°*)): 


(n + 2k) HO = (m+ 21) HO = 21H + m OH + & Hy + 1 H202; (I) 

Fe2+ + OH — Fe*+ + OH’; (II) 

Fe?+ + H,O. — Fe+ + OH + OH"; (III) 

H+ Ht Hf, (IV) 


Fe’t + HS > Fe? + Hp, (V) 
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9-|- Y-|- 
TopMosautee ericTBHe UO? wa mpouece oKuesenna Fe’! ocymteerausneres, 
110-BHUMOMy, M10 peaKiLHAM: | 
vo? +H+UO; +H’; . (VI) 


aD o+ —_ 
UO, + OH + UO; +OH™, (VII) 


KOTOPhI€e MpeMO/Aarasnch B paGote (') jit KOHTeNTp ain YPanH-HONAa BHIte 
0.05 M. Hanae nsairnBanentHoro ypana B OGjy4aeMoM PacTBoOpe covlell ypae 
5 ao) * 

HMJI-HOHA OblvIO MOKA3AHO BIOCTENCTBHM H. Bb. Muniep, B. VW. Becenosnekum 
u B. A. Boporptriesbim™. 

UO?" uw. Fe®* sa oxnevin- 

TIpexmoorkeHve O BOSMOAHOCTH KONKYPeHILHH 5 4 Fe i OKUCVIP 

TEJIbHbIC KOMMOHEHTHI paqnoNUsa, MosoOHoe CHeiauHoOMy B padore (*) jit pace 
TBOPOB YETHLIPEXBAIeEHTHOTO ypaha, MPMBOANT K BbIBOY O HesaBHCHMOCTH Bpl- 


8 
7 
5 J 
a 
l; ie 
Z 
iL 
0 100 ~=—200 1208 “400 0 5 iS 10 
(v0, ]— [4"}/(u0f"] —= 
Puc, 2. Bauanne Konnentpanun UO*, Puc. 8.  SaBncimocts [HH/[U02"] or 
} 4 . 5G — Rk 
Ha Gros, MPH pasmmunprx pH FIQ) exe 219Y " 
6 ON Aan 


xoma okucyieHua Fe®* or KucsioTHOcTH cpefbl. TlocKOJIbKy STOT BbIBO/, NPOTH= 
BOPeYHT JaHHbIM HacTosULeH PaOoTbl, TAKOH MeXAHH3M TOPMORKeHHA Bech He 
yuutTpiBaicsa. Topmossnee jeictBue Fe?+ ne paccmatpnBaetca, TAK KAK OTpe= 
J@NAIUCh TOMbKO HavaJIbHble BbIXOJIbl OKHCJICHHA. 

Hecnoub3ya MeTO, CTauMOHapHbIX COCTOAHHH U NoOwarast GH} = (), HaXO/MM, 


uTO TIpH yueTe peakuni (1)—(VII) G apanetes PyHKUnel KOHUeHTPAalHn TOsb= 
KO JBYX KOMIOHeHTOB pacTBopa, a umMenuo H* u UOS" : 


ky etary pe lgsG—Rk Doty , (| 
m (uo) ~ @+e—na —* %): () 


Ha ocHope ypapnenus (1) kpuByio 3aBucumoctu G or Ig [H*] nan Ig [UO;" 
IPH MOCTOAHHOM 3Ha4¥eHHH KOHUEHTPalHH Jpyroro KOMMOHeHTA MOAKHO MOJY= 
YATb 10 cnocoby (""), mpumMeHenHomy B paGote (1'), a HMeHHO, TocTpouB KpH= 
BylO 3aBuCHMOCTH BeHUHHbI G or Ig fF, Taka KpuBast mp BCeX SHAMeHHAX, 
Hampumep, koHlenTpannh UO l* 6yzer umeTh (bopmy 9KCHePUMeHNT AHO 
KpHBOH 3aBucuMocTH G or Ig{H*] nu oramuatbes oT Mocvie Heh TOMLKO MOO 
*KEHHEM 10 OCH aOcitHcc. CoBMecTHB TakylO TeopeTHYecKyIO KPHBYIO C 9KCTe 
PUMeHTAJIbHOM, MOXKHO BbINHCJIMTL OTHOWMeHHe KOHCTAHT ky/ky. Cormacne Teope 
THYCCKOH KPHBOH, NOCTPOeHHOH STHM TYTeM, CO BCeEMH 9KCHEPHMeHT AVI bHbIM 
KPHBbIMH, M3MePpeHHbIMH TPH passHYHbIX 3HayeHHAX KOHTeHTpannn UOs*, 
ReHCTBUTeIbHO HaGOMaeTCH, KAK BUAHO U3 prc. 1. Kpuspre puc. | paccunta 
HbI 10 ypaBHenuto (1), mpHuem jWia n Wk MPMHATH! SHAYeCHUA, HCHOML3IYeMbIe 
padore (). Creneub corsjacna ypapnenus (1) c onpiTom sicHee Buna H3 puc, 3 


* Jlonoxena ua II BeecoiosHom copenanin mo pagnaiMonnol xumun B 1960 Pr. 


ne Hanecena 3aBncumoctTh / (G) or ornomenus {E14 /1UO#"], — Towyuennnie 
TOUKH NExKAT Ha TpsMoll, Npoxosmuell Yepes naqayo 

OxppHUMeEHT KOTOPO!L ky/ky = 0,84 -|- 0,04, 

Cuexyer o6paturh BHNManue Ha HYKTHPHYIO KpHByIO pe, Ly ona Tak xKe 
XOpomo CoBnaaer ¢ TeoperHuecKol KpuBoll, XOTH Novyuena pH JBYKPATHOM 
YMeHbUICHHH KOHWeHTpaiun Fe*', Sro nokaspipaer, uro G He saBHeHT OY KOU. 
“leHTp alu Fe**, uro HW oTpaxkeHo B ypaBnennu (1). Nopomee Kovmueerpentoe 
“Sonmsacne TCOPHH C SKCHePHMeHTOM TPH HSMeHeHHH KONLeHTpaWMH UO#! 4H! 
iB MHTepBale Govlee ABYX NOPAAKOB yKaspiBaer Ha 
| paqnounsa, npewiorkenHol Avwienom, 

Moxuo nosarath, 4ToO TpuHMaempiii MCXANHSM TOPMOKCHHA OKHCVINTC 
wibHoro Mpouecca HOHOM ypalMia Oyler cripaBeVINB He JWI JIPYPHX eucreM, 
hi CXAHH3M, TIPHHATHIT JVI MaJibIX KONTLeHTp aunt UO?" B padore ('), BOs. 
MOXKHO, OOYCVIOBJICH MeHbINeH CKOpocThiO peakunn Ut | OH, 
gre®* -+- OH. 

t Boipaxkaio Ovlaroxapnocrn b, B, OPUVIePY 3a LeEHHbIe COBeTD HM BaMenanHA 
MIPH OOCyxKTeHHM HM OOpaGorKe pesyHraToR Hacrosuedt padorbt, 


KOOpsunar, yrviopoti 


NWOJLOTBOPHOCTh MOJLAIH 


HOM PCAKILAH 


h Uneruryr reopernueckolt 1 Lloeryiniio 
’ SKCNePHMeNTAabHOlL (pusHKH 23 1 1961 
Axaylemin wayk CCCP 
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Jloxnagn Arkayemun HaykK CcUcCcr 
1961. Tom 138, N85 


XHMHUECKAA TEXHOJOTAR 


M. A. SMPEJIEC nv M. JI. BOJIOBA 


O BJIAAHHH PACTBOPEHHSA ANATHTA HA BPEMA HHAYKUMH 
NPH ®JIOTAWMOHHOM TIPHJIMVMAHHH 


(II pedcmaeaexo .axademuxom IT. A. PeOuxdepom 31 I 1961) 


AxsropaMM 1OKa3aHO, YTO H3MeHeHHe HOHHOTO COCTaBa BOAHOH CyCieH3Hu 
Gaputa, onpeyessemoe ero pacTBOpeHHeM, IIPHBOJMT K peS3KOMY YMEHDbILIeHHIO 
BPeMCHH HHAYKUMM Mp NpHMNaHHH WaCTHIL MHHEepavia K Ny3bIpbKy BOSAyxa. 
ABIeHHe ITO CBASLIBAJIOCb C MpOWeccaMu, HAYLLHMH Ha rpavulle pacTBop — BO3- 
Alyx my3bippKa (?). 

Baput MalopacTBOpyM, MOSTOMY aJIbHeHWIMe HCCIeEMOBaHHA OOHAap yKeHHBIX 
ABJICHHH OblJIM MpOBeJeHbl Ha alaTHTe, OONaqalouleM 3HAYHTeIbHOH pacTBOpH- 
MOCTbIO TIO CpaBHeHHIO CO MHOFHMM MHHepaslaMM PYHbIX KOMIJICKCOB. 

Tak 2Ke Kak B pegbiyujeh paOoTe, H3MeHEHHA, NPOMCXOMAMMe Ha MeXy- 
(pa3OBbIX MOBEPXHOCTAX, OMCHHBaJIMCb TO BPeMeHH HHAYKUMN, HeOOxXO,MMOMYy 
JWIA IIpHJIMMaHHA UaCTHIL alaTuTa K MY3bIPbKy BO3LyxXa B JUCTHNIMpOBaHHOH 
Boyle (6e3 coOupateis). M3mepenua BpeMeHH HHAYKUHH MpOBOAMJIMCb Ha KOH- 
TakTHOM pHOope KOII-4 (7). Munepan u3Mesbuasica BCyXylO B MeTaJIHYeCKOH 
MeJIBHMMe H ONOJHUTeIbHOM OUMCTKe He MoABepraca. KpymHOCTb MHHepaJIbHbIX 
yactun — 0,21 + 0,175 mm, pa3mep nmy3bIpbKa! Bo3ayxa—3 MM; T: WK=1: 5. 
Bola JMCTHAIMpoBaHHasd IeKTponpoBogHocTEIo 0,5-10-> om? cm7? npn 18°. 

IIpH W8MepeHHAX YUHTHIBAJIMCh: BO3paCT NYy3bIPbKa, T. €. BPeMA, Mpowier- 
lee OT OO6pasoBaHHA Ny3bIPbKa JO NPMBeMeHUA efO B KOHTAKT C YaCTHLeH MH- 
Hepauia, H BOSPacT CYCIeH3HH, T. €. BpeMA, Npoliemuiee OT BBEJCHHA MHHEpavib- 
HOrO MOpollka B BOY WO H3MepeHHaA. YueT OGonX dakTOpoB HeOOxOHM, Tak 
KaK CHCTeMa HepaBHopecHa. HepaBHOBeCHOCTL CHCTeMbI JOCTaTOYHO ACHO CJle- 
AyeT U3 XapakTepHCTHKH I/IEKTPONPOBOAHOCTH BOAHOH dasbl cycneH3HH (CM. 
Tad. 1). B Ta6nuue mpHBeseHbI TakxKe JaHHble, XapakTepH3yloulwe H3MeHeHHs 


Ta6nauna 4 


XapaktTepucTukKa cycneH3Hu anatuta (¢ = 18°) 


BospactT cycneH3Hu, MHH. 


OF} 4 a0 30 60 300 1400 2800 


4320 | 5760 14400 


x: 10° om? em7}, 
BOJH. dasbl cycnen3uu |0,5/1,9/5,2| 7,9/10,4| 12,7) 16,5) 48,7) 20,0) 24,5) 21,5 


pH sogu. dasbi cycnensuu |6,0; —| —| 7,2) — a2) Troll eh Ole nis Oe meee eee 
Jlseta-noTenuuad mopepx- 
HOCTH MHHepauia 3,0 —11,2/—13 ,4]—22 ,0|—16,0)/—12,2/—12,6 


W3eTa-NOTeHINala MMHep aJIbHOK MOBeCPXHOCTH TIPH JWIMTeJIBHOM CTOAHHH CyYyC~ 
NI@H3HH. J3eTa-noTenuua ONpeeIAJICH MO IJIEKTPOOCMOTHYeCKOMY TNepeHocy 
7KHJKOCTH. Hecaenyembtit NOpOWOK alaTHTa 3apARKeH OTPHILAaTeJIbHO — HMeeT 
M€CTO yBeJIM4eHve 3HAYeHHA 13eTAa-NOTeHWMaa Tp MJIHTeJIbBHOM CTOAHHH CyC- 
NeH3HH, a 3aTeM He€KOTOpoe ero YMeHBbIMeHHe. 

1158 


METS 


—1. es 


_ Ha puce.§1 noxasaHo usmenenne Bpemenn HHAYKUMM pH WpHMnaHHH 4ac- 
TH, allaTHTa K Ily3bIPbKy BO3AyxXa B 3aBHCHMOCTH OT BO3pacTa CycneH3Hu 10 
Mepe pacTBopeHusl MuHepaa. C yBeMueHvem Bo3pacta CycneH3Hu pesKO H3- 
MeHACTCA BPCMA HHAYKUMH NP NPHIMNaHHH MHHEPaJIbHBIX YAaCTHIL K IY3bIpb- 
Ky ofHoro uM Toro xe Bospacta. IIpu 
STOM YMeHBINeHHe BpeMeHH HHLYKILMH 
MM€€T MECTO TOJIbKO JO OnpeeseHHOrO 
BO3Spacta cycleH3Hu, mocme uero Hab- 
moyaetcA oOpaTHad 3aBucumMocTh — 
pocT BpeMeHH WHAYKUMH pH mpusn- 
maHuu. Kpwepie wMewT ueTKO BbIpa- 
2KeCHHbIH MHHHMyM. 
_ Takoi xe COxKHOM ABIAeTCA 3aBH- 
CMMOCTb BpeMeHH MHAYKIHH OT BO3pa- 
€Ta lly3bipbKa (puc. 2). Ina cycnen3un 
BO3pacTOM MeHee 30 4ac. yBemMueHHe 
Bospacta ny3sbippKka yo 120—130 mun. 
MPHBOJMT K YMeCHbIIeHHIO BpeMeHH HH- 
Aykuun (puc. 2, / u 2). pu qanpuesituem 
CTOAHHH CyCHeH3HH KapTHHa MeHsAeTCA— 
KPHBas, BbIParKalolllaA 3ABHCHMOCT Bpe- = 
MeHH MHYKIUMM OT BOspacta MysbIppKa, 10 100 1000 
Bospacm cycnensuu 
MpOXOJUuT Yepes MHHUMyM (puc. 2, J, 4, 
5). CnewyeT OTMeTHTb (2TO He MOKa3aHO Puc. 1. Buusanue Bo3pacta [cycnen3uH Ha 
Ha pue. 2), uTo u AA CYCNe€H3HH BO3pa- BPeMA HHAYKUMA UpH MpHanNaHHH anaTuTa 
°TOM MeHee 30 uac. MUHMUMYM Ha KpHBOH, (qucTHsUIMpoBaHHas Bojla): J +o BO3pacT ny- 
: 3bIpbKa | muH.; 2— 10 muu.; 3 — 20 muu.; 
BbIPaxKalouleH 3aBHCHMOCTb BPeMeHH HH- Ji ee 
QYKIUMH OT BO3PacTa Ily3bIpbKa, MMeeT 
MECTO, HO HACTYIaeT OH 3HAYNTeIbHO MefieHHee. Tak, npH Bo3spacte cycneH3HH 
’4 uac. MU BOspacte mysbippKa 16 uac. Bpema mH_yKUNH paBHsetTcs 10 cex. 
Bmecto 0,01 cek. a cycneH3uH Toro Ke BospacTa MIpH BOspacTe nysbippKa 


300 Mun. 


Bospacm ny3b/poKa 


Puc. 2. Bauannve pospacta ny3bipbka Ha Bpems [HHAYKUMU 

pH NpHIHWaHHH amaTHTa (HCTHIHpOBaHHad Boa). J — 

Bo3spacT cycmeH3uH 1 — 3 uaca; 2— 24—29 yac.; 3 — 48— 
52 wac.; 4— 52—55 uac.; 5 — 72—73 uac. 


0 mux.). 3 yannprx puc. 2 cnenyet, uTO MMHMMYM KpMBOH Bpema HHLYK- 
‘HH — BO3paCT Ily3bIPbKa HM€€T MeECTO TeM PpaHbllle, 4YeM OOsbIIe BO3pacT 
ycneH3sun. 

/ HeoOxoiumMo HanloMHUTb, 4TO B CycneH3MAx GOaputTa, xapaKTepu3yemoro 
Olee HH3KOl paCTBOPHMOCTHIO (3IeKTPOMpOBOAHOCTh BOLHOM casbI nouTH 
@ NOpAOK MeHbule), B TeveHue MepBEIx 24 yac. He OblIO OOHApyxeHO MHHH- 
YMa KpHBOH BpeMA HHAYKWHH — BospacT my3bippKa ('). 


1159 


Brelenve B CYCHeH3HIO Covell, HMeIOULUX OOH HOH C peuleTKOH MHHepaia 
(CaClz 1 NasHPO,), ne H3MeHAeT 3ABHCHMOCTH BPeMeHH HHAY KUM oT Bos3pacta 
CycHeH3HH M BospacTa NysbipbKa. Bmecte ¢ TeéM MHHHMYM BpeCMecHH MALY KUM 
B 3ABHCMMOCTH OT BO3pacTa CYCMeH3HH HW MY3bIpbKa CHBATAaCTCA BUeBO — B 
30HY MeHbulero BO3pacta. 

B npucytersun 5-104 r-9kBCaCl2 na 111 BpeMa MHAYKIMMH pH Mp HAT ann 
yaCTHIL anaTuta Kpynnoctb1o —0,3 -+- 0,25 MM K IlySbIpbKy Bospacta 10 MMH. 
cocrapuiser 5 cek. BMecto 120 ceK. 6e3 BBeACHHA COM (BO3pacT cycneH3sHu 
30—40 MUHH.). | 

Bouree ae jelicrByer joOaBJieHve B CYCIeHSHIO NazHPO,. Braejenne 
8-105 p-9kB NasHPO,s na | si ipHBoxUT K TOMY, 4TO KpHBad, BbIparKalollan 3aBl- 
CHUMOCTb BPeMeHH MHLYKIMH OT BOSpacTa IlySbipbKa, HMCCT MHHHMYM Y2Ke B Tede- 
HHe T€PBbIX eCATH MUHYT HaXOM MCHA My3SbIPbKa B BORE (puc. 3). KpuBas 
BpeMA HHALYKILMH — Bospact 
NYSbIpbKa JIA CyCHeH3HH ama- 
ruta Bo3spactom 1—5 ac. cTa- 
HOBHTCA aHaslOorH4HOH Takoli 
Ke KPHBOH JWI CYCIMEH3HH BOS- | 
pactom 48 —52 uac. (puc. 2, 38). | 

AHaJIu3 9KCMEPHMeHTAJIbHO- | 
ro MaTepHala NOATBEp*KaerT H | 
PacIIHMpAeT BbIBOJbI, CeTaH- 
Hble pH W3y4eHHH cycneHsnht 
Gaputa ('). TloxrBep»eHa 3Ha- | 
YATE bHas SABHCHMOCTb BPeMe- | 
HH HAAYKUMM pH MpHJIMNaHHe | 
OT HaJIM4HA WH KOHILCHTPallHy | 
B BOJe TpOLYKTOB pacTBope- 
Puc. 3. Brusnne pospacta My3bIpbKa Ha BpemaA HHAyK- HUA MHHepaJlOB, Tak HasblBae- 
ILHH TPH MpHIHNaHHH anaTaTa BipHcyTcTBHH NasHPO, pix HeH36exKHbIX HOHOB, WJIM | 
(Bospacr cycnen3uu 1—5 uac.). 1 — AMCTHIVIMPOBAN- Fy ONHOMMeHHBbIX HMOHOB. BpI- 

Had Boa; 2 — NagHPO, 8-1075 r-9kB/a ’ 
ABJICHO, UTO MMHHMYM BpeMeHH 
HHAYKUMH, T. @. ONTHMAJIbHbIC 
YCJIOBUA MPWIMNaHHA, CBA3AH C TIPOMe@XKYTOUHBIMH, HO MaJIbIMH KOHILeHTpa- | 
WHSMH Hen36exKHBIX HOHOB. YCTaHOBJeHO, YTO Tporecc PopMApoBaHHA Ppa- 
HMUHbIX COEB Y MOBEPXHOCTH MHHepaJIbHbIX WaCTHIL WM BO3YWIHOrO TYy3bIPbKa 
mpoTekaeT B MMHepaJibHOll CyCHeH3HH BeCbMa MeJICHHO. 

BpaA JM MOKHO JOMYCTHTb BIMAHHe OpraHHyeCKUX 3arpxAsHeHHM Ha YMeHb- | 
I@HHe BPCMCHH MHALYKUMH, TAK KaK paCCYHTaHHaA HaMH KarkyukancA SHeprHA 
AKTHBAUHH MPH MpWIHMaHMM YaCTHIL allaTHTa OCTaeTCH NOCTOAHHOM JIA My3bI- 
PbKOB pasHoro Bospacta (7). M3MeHeHHA BpeMeHH HUAYKUMH pH NpHAMNAanHH 
yaCTHU amaTHTa CBA3aHbI C H3MeHeHHAMH Ha rpanuwe MMHepasl — pacTBOp 
(rab. 1, puc. 1 uw 2). O_HaKO TOKO STHMH H3MCHEHHAMH HesIb3H OObACHHTb 
NOJYYeHHbIe 3ABHCHMOCTH. ITO ceLyeT U3 WaHHbIX puc. |, rye ANA cycneH3HH 
Bospactom oT 300 jo 1200—1400 mux. H3MeHeHHs BPeMeHH MHLYKUMH pH Mo- 
CTOAHHOM BOSpacTe MY3bIPbKa MaJIbl, A H3MeHEHHE BOspacta Mmy3bipbKa OT | JO | 
20 MMH. BbISbIBACT YMeHbUIeHHe BPSMCHH HALYKIAM Ha 2 nopsayKa (KpuBple / u 
3). Ene Gomee ueTKO STO BHAHO Ha KpHBOH 2 puc. 2, rye AIA CyCNeH3Hu BO3- 
pacrom 1440—1450 mun. u3mMeHeHve Bospacta ITy3bIpbKa oT | muH. yo 10 muH. 
BbISbIBAeT Pe3KOe YMeHbUIeCHHe BPeMeHH MHALYKILMH. 

STOT BbIBOA BbITeKaeT UH W383 LApyrux coobparxkennii. 

J[seTa-noTenMal U3MeHsAeTCH Ha rpaHnue TBepoe — pacTBop AWA cyc- 
HeH3uH BOspacTom oO 2880 mun. (2 cyTOK) BOAHOM HanpaBJIeHuH, BpeMsA 2e HH- 
AYKUMH Ji TAaKOH CyCIeH3HM MpOXOAMT Yepe3 MHHUMYM B TeYeHHe MepBbIX | 
30 MHH. CyLLeCTROBAHMs MysbipbKa (puc. 2, 3), CeqoBaTeNBHO, OMpemeAeTCA 
H3MeHeHHAMH Ha JipyroH Mexkyyda3sopon rpanuue. Takum o6pa3om, aHasiv3 
IPHBeVCHHbIX BbINe AaHHbIX MOKA3SbIBaeT, YTO HeMocpeCTBeHHOe HM CHJIbHOe 
BJIMAHHe Ha H3MeHeHHe BPeMeHH HHAYKUMH UPA MpuiIMNaHHH MMHepaJIbHbIX 
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60 120 180 240 UH. 
Bospacm nysbipoxa 


aCTHIL K MYSbIPbKY BOSAyXa B CAObIX PaCTBOPAXx 3J/IEKTPOUTOB OKAa3bIBAIOT 
POulecchl Ha TpaHulle pacTBop — Bosyyx ny3bippKa. 
Jina pa3yeapuoro usyyenua Bananna Mpoueccop Ha rpaHuue pactrBop — 
BOSAYX MYSbIPbKa Ha BPeCMA MHAYKUMM MOET ObITb MpesOKeH MeTOR uccse- 
OBAHHA, OCHOBAHHBIN Ha H3YYeHHM BPeMeHH HHYKILMH B JLVUTebHO BbIjlep- 
KUBACMBIX CYCIICH3HAX C IIPHOJIMAKAIOULMMCA K PaBHOBeCHIO COCTOAHHeM rpa- 
HUIIbI MAHepas—pactBop. JLna anatuta sto cycnen3uu Bospacta 300—1440 mun. 
uM Oosee. Kpuspie 3—5 puc. 2 u oco6enno KpuByl0 2 TOrO *wKe pucyHKa MOMKHO 
PaCCMaTpHBaTb KaK 34BMCHMOCTb BpPeMeHU HMHJLYKUMM OT u3MeHeHU Ha rpa- 
Hue PacTBOp — BO3Lyx My3bippKa. 
_ JiqHTe1bHaA HepaBHOBeCHOCTL noBepxHOCTHOrO ci0A PacTBOp 9/IeEKTPOJH- 
Ta — BO3Ayx My3bipbKa MOxKeT ObITh OObxACHeHa BOZJeliCTBMeM OHO u3 paz 
aM OOeHX BMecTe. B HacToaulee Bpema cuutaetca, uTO PpaBHOBecKe MoBepxHO- 
oro COA C OGbeMOM paCTBOpa J/eEKTPOMTa HaCTyNaeT BecEMA ObICTpO, B 
fom cekyHypl. Menee acubi npesctapienua 06 ycranopennn PaBHOBecuA T0- 
sEPXHOCTHOTO COA C BO3TyxoM Ny3bipbKa. Ilocneguui xapaxtepus3yetca n0- 
BBILUCHHBIM NABJICHHEM, 3aBUCAILMM OT KPHBH3HbI y3bipbKa. Tloyromy MoxKHO 
HOIYCTHTb 4ACTHYHOS PACTBOPEHHE Fa30B Ily3bIpbKa B PaCTBOPE IIeKTpOMMTA Me- 
PeMeHHOK KOHWeHTpallMu, HaxosAUleMcA B paBHOBecuu Cc aTmochepok. Heo6xo- 
AMMbI JaJbHeHuIve UCCJeJOBaHHA JIA usyueHHA u3MeHeHuii, lI pOUCXOMAMLUX 
da TPpaHUlle PacTBOp — BOSAYUIHIi Ny3bIpeK B C/1O*KHOH CUCTeMe: MuHepan — 
JACTBOP S/IEKTPOMTOB — BO3yxX, B KOTOPO BO3MOKHO OOpaz0BaHue KOWWIO- 
AHO-/IMCIIEPCHbIX CoeqHHeHN. 
_ ]iaa mpaxtuxu wan6onee BaxKHO u3MeHenue BpemeHn WHLYKUMM B TepBple 
CeKYHAbI H MHHYTbI CTapeHuA BHOBL O6pa3z0BaHHOrO NY3bIpbKa Bo3ssyxa. Ouo 
B H3y4eHHBIX HaMH C/1ly4aAx BbIPaKaeTCA B Pe3KOM YMeHbIeCHHM BpPeMeHU HH- 
AYKUMH C YBeH4eHHeM BOSpacTa Ty3bIppka. Boecte c tem a6couuoTHad BeJIN- 
GHHa BpeMeHM MHAYKUMM, KOTOpad MOxET ObITh WOcTuruyta 34 1—2 muu. cta- 
PeHHA NY3bIPbKa BO3yxXa, Ppe3KO 34BUCHT OT COCTaBa BOAHON cash CycneH3nu. 
_ IIpupegenupie spe qaHHble cBujeTenLcTByi0T 0 TOM, 4TO uMeeTCA He u3y- 
HeHHbI MU He UCIOL3YeMbI 10 HaCTOAMerO BpemeHU cbakTOp ynpaBseHuA (p10- 
TauHOHHBIM MpuMnaHHeM — cpaBHUTeIbHO MejseHHO TeKyllee BoaselicTBue 
MPOAYKTOB PaCTBOPeHHA MHHepana Ha COCTaB rpaHHyHOTO COA pacTBop — 
B031yx My3bIpbKa. ITO Bo3sszelcTBue onpesenAeTcA CocTaBOM B3aUMOsIEHCTBY- 
OUlHX a3 UH, OYEBUIHO, MOET ObITL pery.Mpyemo u3MeHeHHeM YrTOrO CoCTaBa. 
| B cpa3u c HepapHopecHoctbio rpaHulbl Bosuan basa cycneH3nu — Bossyx 
SbIPbKa BJIMAHME BO3SpPaCTa Iy3bIpbKa Ha ero CBOHCTBA JOAMHO YUUTHIBATECA 
K B TeOpeTH4eCKHX HCCeMOBAHHAX, TAK KM TPH u3sy4eHHA cAOTALMOHHEIX 
HH. 


Beecowsnbii HayyHO-MccreqopaTenbcKuh MHCTHTYT Tloctynnao 
MHHEpasbHOTO CbipbA 26 XII 1960 


UWMTHPOBAHHAA JIATEPATYPA 


1M A. Direnec, M. Jl. Bonoeza, JIAH, 133, Ne 4, 897 (1960). 2M. A. Die 
azec, M. JI. Bonaoea, JAH, 129, Ne 1, 197 (1959). 
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fJlokaagp Akayemun nayrK CCCP - 
1961. Tom 138, Ns 5 : 


rEOJOLH $1 


B. Jl. [HBHEP 


HEOTEHOBBIE OTJIO)KEHHA HA CEBEPO-BOCTOKE 
SEMJIM ®PAHILA-HOCH®A 


(IT pedcmaszeno axademuxom A; JI. Anwunoim 12 XII 1960) 


-_B asrycre 1957 r. muow Oba oOcyleqoBaHa MoocKa CBO6OZHOM OT Jb/la HH3- 
/MeHHOK Cyuiu (J0 20 M Hay ypoBHem Mops) gjuMHO 6—7 KM x IUHMpHHOH jo 
+ KM, Cilaraiolie CeBepO-BOCTOUHY 4aCTb ocTpoBa TodmaHa Ha CeBepo-Boc- 
Toke apxunesara Semim Dpanna-Mocmha (puc. 1). 3yecb, Ha MBICe Cyrpo6osa, 
OOHaKalOTCA ~ KeNTOBAaTO-Cepble MeKO3ePHHCTHIE KP€MHHCTO-KBaplieBble mecua- 
“HUKH, MpOpBaHHbIe AOJepHTOBOH alikoli CeBepo-3anagqHoro mpocTupaHHs.. 
‘Tlecuawuxu cojepxKaT cnoppl u MBWIbILY, KOTOpble, 10 3aksro4eHHIO H. M. Bou- 
Aapenko u 9. H. Kapa-Myps3a, npuuaynexat, cKopee scero, ceHomaHy. Ana- 
JOPHMHbIC OTMOMKEHHA Ha }OKHOM Cepery OcTpoBa coepxaT ayy sToro spyca. 
'B 1,5 xm k cepepo-BocToKy oT OKOHeUHOCTH MBICAa Cyrpo6opa BBIXOJIbI ¢arato- 
MMX eo MeCuaHHKOB CMeHSIOTCA OOHAXKCHUAMH, OUeBHAHO, Me€peKPbIBaIOLHX HX 
{KOHTAKT CKDPBIT NON AemOBHeEM HM MOpeHoil) KJIMBaxKMPOBaHHbIX HM MeCTaMH CMs- 
(‘TBIX CBETJIO-CepbIX AJIEBPOJIMTOB, aJIeBPO-aprHJJIHTOB WH CMCHAIOULUX HX MeCTA- 
‘MH TOHKO3€PHHCTHIX MeCYaHHKOB. ITO TOHKOMJNTYATHIeE MOPOMb, COx*KeHHDIE 
‘43 OOJIOMOUHEIX, NPeHMYLecCTBeEHHO asieBpHTOBbIX 3ePHBILeK KBapya (90%), 
Kpemua (5%) wu nomeBbix winatos (5%), a TakxKe eJMHHUHBIX 3epeH WHpKOHa u 
‘TYPMaJIMHa, CLEMCHTHPOBaHHEIX KPeMHHCTO-FIMHUCTHIM, YaCTHUHO nepekpuctawi- 
IM3OBaHHBIM WeMeHTOM. B mocjieqHeM paccesHbl MHKPOCKOMMYeCKHe OCTAaTKU 
(OOyrvleHHoro pacTHTembHOrO jeTpuTa, MoocuaToe pacmpesenenne KOTOporo 
(OOycNOBNMBaeT MUKPOCJIONCTOCTH MOpOsb, a TAaKKe AYTHTeHHBIE o6pa30BaHua — 
MUKPOsepHa IIMpuTa, CrYCTKH OKHCJIOB xesIe3a MH MeJIbYaHWMxX 3epeH Kap6o- 
lHaTa, MecTaMH OOpasylolIMX OTOPOUKH BOKPyr OG/IOMOUHHIX sepeH. Ha6u0- 
AaloTcA Take MeJbYaHWIMe YeLyHKH MYCKOBUTa MU OnoTuTa*. Mectamn avleBpo- 
JUTbI M aprHMMTHI cojlepxkaT TOHKHe (0 4 CM) MpOCOM MOJMMHKTOBBIX KOH- 
TloMepatoB. Kpome Toro, B JewIOBHH HaOJOMaIUCb HepOBHEle MIMTKH TeMHO- 
CepbIX OpraHOreHHbIX MeC4aHHCTHIX H3BECTHAKOB, COCTOAIIMX H3 CKONJeHHS 
MeIKOOMTOH pakyuIM (OTYacTH 3aMeLeHHOH KaJbUMTOM) HM MeIKHX rayeyeK 
M3BeCTKOBUCTOFO aJIeBPOJIMTA, CIEMCHTHPOBaHHbIX IMHMCTO-KapOOHaTHBIM Mma- 
Tepuanom. OOulad BUAMMaa MOULHOCTh 3THX OTMOXKEHHi, MepeKpbITEIX cBepxy 
MaJIOMOULHBIM CJ10€M JOHHOH MOPeHEI, OKOJIO 25 M. 

_ Hs neckombkux o6pasuos stTux nopox H. M. Boxgapeuko spijeauna 170 
BepeH TbiIbbI (85,5%) 4 cnop (14,5%). B uenom npeo6maqaer MbWIbLa xBoit- 
HbIX, COCTaBJIAIONLaA B aHHOM cnekTpe 60%. Cpeaqu nocneqHeli oco6eHHO MHO- 
‘OUNCIeHHA MbWIbIa Pinus nogpoga Diploxylon (49%) u Picea sp. (9,5%): 
| ais BCTpeyeHbI Tak>Ke 3epHa bibl Podocarpus, Glyptostrobus (?) wr 
ssophosphaera. [loxppitocemaHubie, B COBOKYNHOCTH cocTaBvisaionlHe 24%, 
ipeactapuenst Betula (12,5%), Alnus (5,6%),Corylus(?) (2;5%), Juglandaceae 
1,5%), Tilia (1,5%) u equHuuHbimu Fagaceae. O6HapyxKeHbl TakxKe CMHHUHbIE 
(blIbiepbie 3epHa Ericaceae u Compositae, a cpequ cnop — Sphagnum sp. 
8%), Polypodiaceae (5%) mu eguHuuHbe Botrichium (?) u Equisetum (?). 
to 3akmouenuio 9. H. Kapa-Myp3a u H. M. Bougapexnxko, nogo6uniit Komnutekc 


* Muxkpockonuyeckne HccegqoBpaHHaA mpovspel B. K. Pa3un. 
12* 1163 


BBY MpHcyTCTBUA BO BCex OOpasitax Corylus (?), Juglandaceae, a Taxxe F 
gaceae u Glyptostrobus (?) MoxkeT yka3bIBaTb, CKopee BCero, Ha MVIMOIeH. 
Tlonpitku OGHapyXHTb B THX OTMORKeHHAX MUKpodayHy He MpHBeIM K MC 
JIOKUTEIBHBIM pesy/IbTaTaM. OgHakO YMOMAHYTad Bbile OTad pakylla ABA 
eTcH, CKopee BCero, OCTATKaMM JIMTOPabHO ayHbl, HU, C/lefOBaTeIbHO, MI 


Puc. 1. OOsopHaa KapTa 3eman @Dpanna-Hocupa. UepHoe — yuacTkH He Mo- 
KpbITOH JIbqOM cyuIM. C — pavion mpica Cyrpo6oBa, Ha KOTOPOM OOHapy2KeHEI BBI- 
XOJ[bI MJIMOWeHOBEIX (?) OTOKeHHH 


OUeHOBbIe (?) OTMORKCHUA HMEIOT MpHOpexkHO-MOpcKoe IIponcxomeHve, a Mp; 
CYTCTBHe TIpocl0eB KapOOHaTHBIX NOpox yKa3bIBaeT Ha YMepeHHO TeMNJI KI 
MaT TOrO BpeMeHH. ; 

[lamoueHosple (?) OTMOKeHHA 3aeralOT B OCHOBHOM TOPH3O0HTAJIbHO UM 
c nomorum (5—7°) nayeHvem Ha toro-3anaq (220—230°); mecramu oHu o6pa3 


Puc. 2. Apo aHTHKMHAaJIbHOM CK1aXKH B MIHOMeHOBBIX (?) 

AJICEBPOMHTAX, BHHMas MOU[HOCTh KOTOPbIX 3][eCb OKOJO 

1 M; Ha Mx pa3MbITOM NoBepxHocTH(?) 3ameraeT MopeHa mteii- 
CTOWeHOBOPO Ole eCHeHHA 


is° Gees CKJlaiKHM CeBepo-3analHoro IIpOCTHpaHHA C yrvwlaMH TayleHua 
Pak: 3 )u (balekcyppl C MajleHHeM Ha ro-3allay, WIM CeBepO-BOCTOK JO 
€ ciopatuyeckve, HO OTHOCHTeJIbHO MHTCHCHBHbIe H3rHObl II JIMOMe@HOE 


CI 
7 a He HaOMogaores B Oovlee APeBHUX OTMOMKeHHAX 3emIu @Mpantia-Vocn 
164 . 


‘Ha MHOrHX APyrHx OCTpOBax apxurleNara, COXKeHHBIX C MOBePXHOCTH, XOTA 
‘M Ooslee ApeBHHMH, HO 3a4yacTyto ele Gouee PHIXJIBIMH OTIOXKeHHAMH. Kpome 
‘Toro, CJIekyeT YYeCTb, YTO BaJlyHbl MOPeHBI, OTMOXKeHHO! Ha AeHYIMpOBaHHoli 
‘HOBepXHOCTH TwMOWeHa (?) BO BpemMs mNueicToMeHOBOrO NOKPOBHOrO ovieye- 
‘HeHUA apxXunewara, MpeACTaBJeHbI CeHOMaHCKHMH TeCuaHHKaMH Hi JOJeputamn, 
MIpWHeCeHHBIMH ABHO C OKOHEYHOCTH MbICa Cyrpo6osa. STO o3HauaeT, YTO ABUKe- 
Hue JIbda 3feCb OblIO HampaBJeHO C ;ro-BOCTOKa Ha ceBepo-3allay, H, CuleqoBa- 
TEMbHO, HE MOIIO MPHBECTH K CO3aHHIO CKaOK H (eKCyp Toro xe MpocTH- 
‘panna. 

Wrax, na o. Todmana BpiaBseHbI 3aeraiomne Ha CeHoMaHe U Ml@peKPpbITbIe 
MOpeHOH MvlevCTOWeHOBOrO oOvleqeHeHHA IIpHOpexKHO-MOpCKHe TJIMHUCTO-aleB- 
‘PATOBbIC OTJIOKCHHA, COMepxKalllHe MPOCOH H3BeCTHAKOB UH CpaBHHTe/IBHO 
‘TeMJIOMOOUBEIH CIOPOBO-MbIIbUeCBOH KOMIIeKC IWHMOWeHOBOrO O6MHKa. 

STOT WYHKT pacnosioxKeH 3HaUHTeBHO CeBepHee BCeX HbIHe W3BECTHBIX BBI- 
XooB HeoreHa Espa3uu u Jae cepepHee oOlacTu pacnpocTpaHenua IIpeAnoJ10- 
OXHTEJIBHO TIJIMOLeHOBOH CepHu «OocopT» Ha ceBepo-salayqHbIX OcTpoBax Kanaj- 
\ckoro apxunesara. Ilostomy o6wapyxKeHHble B HeM OTJOXKeHUA MpescTaBAIOT 
Gomsmoi MHTEPeC JIA PEKOHCTPYKUMH Maleoreorpacduyecko OOcTaHOBKH, cy- 
MCCTBOBABINeH HakaHyHe IIJIelCTOIeHOBOrO OvIeMeHeHHA MeHee yem B 1000 KMOT 
‘COBpeMeHHOrO MoIowKeHAA CeBepHoro rowi0ca. MoHOMMHepaJIbHbIli COCTaB OTJIO- 
QKeHHM NMouena (?) Semin Ppana-Mocuca noKasbiBaeT, TO 9TH, TaK 2Ke KaK 
‘HM SHAYHTEJIBHO JTy4le HSyYeHHbIe Me3O30HCKHe OTJIOMKEHUA apXuMeara, (POpMU- 
‘POBaIHCb 3a CUeT Pa3MbIBa CPaBHUTeIbHO yaJIeHHOH OOacTH CHoca. OrTciona 
ICHeAYeT BEIBOL, YTO ONOKOBbIe JBWKCHHA, CO3,aBLIMe COBPeMeHHbIi pebed apd- 
‘XHMeJara, MpOW3OUlIM yxKe B YeTBeEPTHUHOe BPeMaA. 


Hay 4Ho-viccreqopateIbCKHit ~HHCTHTyT Ilocrymuio0 
reolorHH ApKTHKu 10 XII 1960. 
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Jloxaaye Anagemun nayr CCCP 
( 1961. Tom 138, Ne 5 ) heme 


CEOJIOVH ff | 


B. JI. MACAHTHC 
MPOABJIEHHA MATMATH3MA HA TEPPHTOPHH KOPEH 


(IT pedcmaeaerxo. axademukom JI. B. Haauekunoim | 271 1961) 


B pesyJibTaTe reOJIOrO-CbeMOYHHIX PaOOT, MPOBOAMBLIAXCA B MOCeEAHHe rOlbl | 
B ceBepHoli uactu Kopen CoBeTCKUMH H KOpelCKHMH reoJIOraMH HM CONPOBOXKAB- | 
WWHXCH MHOPOUMCJICHHBIMH ONpeAeJIeCHHAMH aOCcOJOTHOrO BO3pacTa MarMaTH4e-| 
CKHX nopox (oKoI0 70), BbIACHeHO GombIoe pasHooOpasHe MpoABJIeHHA mar=| 
MATHYeCKOH J@AT@JIbHOCTH, MPHYPOYeHHbIX K Pa3JIMYHbIM STAalaM YeOJIOrHye-} 
CKorO pa3BUTHA CTpaHbl. YUHTbIBAA OCOOeHHOCTH reosorMyecKkoroO CTPOeHHs | 
Kopel, 9TH HOBbI€ aHHbIe MOXHO, MO-BHAMMOMY, PaclipocTpaHHTb Ha BCIO ee} 
TeppHTOpHio. 

Hactostlee coo6meHHe OCHOBaHO Ha MaTepuasax B. B. Boromonosa, JIM 
Tise Xa, Jiu Ton Tu, B. A. JIncut, B. JI. Macaiiruca, lax Txe Xsana, Ilax 
Yu Tena, 8B. K. I[lytuuuepa, B.B, Pycc, B. J. Cesactbanosa; 
H. A. Cosnnosa, IO 30H Paka u MHorux Apyrux reomoros. OnpeyeitenHuA a6co-| 
mloTHOrTO Bospacta (aproHoBbiii meTox) mponspezenpt H. UH. Tloneson u 
B. Ji. Cnpwxycox. 

Ha tepputropuu Kopeu MarmaTHyeckue MpOABJICHHA B OCHOBHOM CBxA3aHbl c| 
reOCHHKJMHANbHbIMM CTaXHAMH pasBHTHA OBepXHenpoteposolicKoro (byHja-| 
MeHtTa Kutalickoii naTpOpMbl, a TaKxKe C 9TANOM AKTHBH3ALHH MNaTPOpMbI BI 
me3o30e. B cepepo-BocTouHOH yacTH Koper, ABAABUIeHCA PeOCHHKJIMHaJIbHOn 
o6s1aCTbIO B BepXHeM TIpoTeposoe (?) H BepxHeM (cpesHeM ?) Masleos0e, MpOHc-| 
XOJHJIH H3JIMAHHA S9*Py3HBOB HW BHeApeHHe HHTPy3HH, B TO BPpeMA Kak Ha Tep- 
PHTOPHH, OTHOCHBIWeHCA K NwaTPopMe, B STO BPpeMA MarMaTHYeCKHE MpOABIe- 
HUA MOUTH OTCyTCTBOBaIM. B Tab. 1 uw 2 MpHBeeHbI CXEMbI MOCEAOBATeJIbHOCTH | 
MarMaTHYeCKOH JlICATeIbHOCTH [WIA Pa3JIMYHbIX STANOB pa3sBHTHA TeppHTOpHH, 
rye B HacTOAulee BpeMA BbIeleHO 11 HHTpy3HBHBIX KOMIVJIEKCOB pa3JIM4HOrO 
Bospacta. TakHM o6pa30M, CTaHOBHTCA O4eBHHOH OFpaHHYeHHOCTh MpesCTaB-: 
JI@HHH AMOHCKHX TeOJOFOB, BbIJeABLIMX Ha TeppuTopHH Kopen mo cyulecTBy| 
JIMUIb Be BO3PaCTHBIX TPYIIMbl WHTPy3HBHBIX NMOpoy: OKeMOpuiickyio 4H) 
BepXHEMeJIOBYIO. 

B apxee B reOCHHKJIMHaJIbHbIX YCJIOBHAX MOYTH Ha BCell TeppuTopHu Kopex) 
MIPOHCXOJMIO BHeApeHHe MOOPOreHHbIX MeJIKHX HHTPy3HH OCHOBHbIX H yJIbTpa- 
OCHOBHDIX NOPOA HW 3aTeM, B YCJIOBHAX CKaqYaTOCTH, PerHOHaJIbHOrO MeTaMOp- 
cusMa WU PpaHHTH3allHH, BOSHHKHOBeHHe KPYMHBIX MIYTOHMYeCKHX Te rpa- 
HHTOUOB, MOApasfeAeMbIX Ha YeTbIPe rpynMmbl. CreneHb perwOHaJIbHOro Me- 
TAMOPPH3Ma BMeULAaOMIHX NOPOA, COXpaHMBIIAXCA B BUE OTeJIbHbIX IIPOBeCOB) 
KPOBJIH Cpe aHaTeKTHYeCKUX PPAHHTOB, COOTBeETCTByeT B 30HAX MAKCHMAVIb- 
HOO MpOABJICHHA TpaHMTH3alHH rpaHyJMTOBON WH aMdHOoMMTOBON caluAM. 

B HwxKHeM poTepos0e Ha CceBepo-BocToKe Kopev B mpeseltax reOCHHKJIM-: 
HaJIbHOrO Tosca B HavaJIbHOM CTANMM BHEAPAMUCh OCHOBHBIe HHTpy3uu. SaTeM 
MMCJla M€CTO CK/al4¥aTOCTb, PePHOHAJIbHbIH MeTaMOp(pH3M B yCJIOBHAX aM(pH-| 
OOMMTOBOH (balluH M JOKaJIbHbIe MposBMeHHA rpaHuTHsanMH. BnocnexcTBuH| 
BHEIPHJIMCb MHTPy3HH raOOpo, TpaHOMMOPHTOB, aIACKHTOBbIX H OHOTHTOBBIX) 
rpaHHTos. | 

B npefedax BepxHempoteposolicKont (?) reocHHKIMHaIH Ha KpaliHeM ce- 
Bepo-BocToke Kopen Bob UXOHWKHHCKOrO KpaeBoro WBA HMe@JIM MeCTO H3JIH- 
AHHA OCHOBHEIX Sqd<py3HBOB H BHeApeHve MHTPy3Hii CepreHTMHUTOB H ra66po- 
qMada30B. BepxHenporeposoiickue rpaHHTEl B ipeweax ITOH 30HbI elle He BbI- 
ACNeHbl M3 YACJa PasBUTHIX 3eCb Ooee MOMOAbIX HATPy3Hi rpanutos. Bospacy 


C€PNeCHTHHUTOB HM BMelLaloulux HX MNOpoy elle OKOHYATeJIbHO He YCTAHOBJICH. 
1166 


TaOmuna 1 
XEMa NOCHELOBATEIbHOCTH MarMaTHYeCKOl NeATebHOCTH Ha TeppHTopun Kopen B apxee, 
MpoTeposoe, cpenveM HM BepxXHeM fMayieos0e M Hauavie Me3o30s 


eovorwueckHit Bo3s- A6c. Bo3- 
pact; crpyKry ppl SbdysuBuble nopospr HUurpysupuple nopoxsr pact, Man, 
ner 
[epMb — HuxKHHH TpH- | Ji naGaapl MUX TydHI, 3. Ppanurnt >208 
ac; TyMmanrancknuit AH{C3HTOBbLIE NOpdu- 2, J\uopuroi 
} mporu CuxorTos- publ, KBapuenbe 1. Mopdupurer 
| AwmuupceKoti reocun- | nopduppt nu ux TydpbI 
F KJIMMaIH 
5 tt See St so = T 
Cpenunt maneoson; Pa66po un ra66po-yuaGasp (MamrancKul 
| naarpopma KOMMJIeKC) 
- Bepxunh nmporepo- KBaptespie nopeu- Pa6Gpo-xnaGaspl 
sol (?); xeunHamcKuti | ppt 
“taarbopmMenuptt mpo- 
| fu6 
 Bepxuuti nporepo- J\nwa6asonnie nop- Cepnenrunurnl, ra66po-pua6aan (uxon4- 
sou (?); reocunKsau- | dupuTol, WuaGasn u | #KuNCKHIi KOMIMJI@KC) 
HAJIbHaA 30Ha ux TyCpbI 
4 
Huxunit mporepo- 3. ANACKUTOBDIG MH TYp- 
sol; reocunKaNH adh - MAJIUHOBbIG PPAaHUTbl | 
Hawa 3OHA 2. DHOTHTOBHIG PrpanUuThl, Asoucxut 1700 
PpaAHOMMOpUTbl KOMMIeKG Me 
1. Pa66po, ra66po-suo- { (Bospact 
purl Me@TA4MODp- 
2. 'netico-rpanurpl (pu3Ma) 
Amu6ountp (me- 1. Am@u6ouuro (ropu- 
Taj\u ab aspl) ONCHAMThI) 
= oa a Boe * 
Apxeli; reocunkan- 4. Duorvropnpie rpanurhl, 
faIbHaAA 3O0HAa PPAHOMMOPUAThI ) 
3. AWACKMTOBLIG Ppanu- . 
Th! K rHehco-rpaHnuTpl | Mouxpacan- 
2.MUKPOKJMHOBbIG Mmop- cKHK mutyTo- 
(pupoOmactuueckue  rpa- t HuuecKHh > 2000 
HHT WH ruehcorpaHnuTpl KOMIMVIeKC 
1. Buoruroppie ruetico- | 
PpanUTbl WH PPAHUThI C adlb- 
MAHJIMHOM WH KOP/{HEPATOM ) 
Am@u6ountet (me- Ta66po, ra66po-p,nopu- 
TajMabaspl?) Th, TaOOpo-HOpuTbl, Op- 
TOAMPHOOMUTHI, NMMpOKce- 
HHTbI, MePHAOTHTb! (aH- 


NOJbCKHH KOMMNEKC) 


a TIPOABJICHHe TpaHHTHOrO MarMaTH3MA B OMMCbIBAeMOH TeOCHHKJIMHAIK, BH- 
(Mo MpoTarMBaBieicA Ha 1ro-BOCTOK KM 10r, YKa3bIBalOT raJibKM rpaHUTos, 
‘PaHuT-NOpdupow, rpakod*upoB B KOHTOMepaTax OCHOBaHHA CHHMMCKOM CBUTHI 
yXCH B 1OrO-BOCTO“HOM YacTu IIxeHHamcKoro IWaTdopMeHHOro mporn6a (ueH- 
PayIbHaA uacTh Kopen). 

K BepxHemy mporeposo1o (?) TakxKe, M0-BHAMMOMY, OTHOCATCA KucuIbIe 3¢p- 
3HBbl, PasBHTbIe Ha HeOO/bIWOK NvOULayH B loro-3anayqHoK uacTu I]xenHam- 
oro nporH6a, H HeOo/IbUINe HHTpy3un Pra66po-1Ha6a3oB, rasibKa KOTOPbIX BCTpe- 
eTCA B OCHOBAHHU CBUTbI AHOK HHWKHeErO KeMOpHA. 

Bepostuo, kK cpeyHemy mameo3010 oTHocATCA BHEJIPCHHA IJlaTPOPMeHHbIX | 
aOUCCaIbHbIX TpanlnoBbIxX MHTpy3ui ra66po-~Ha6a3z0B Mu ra6Opo, mpoppiBa- 
HX KEMOpHH WH OPAOBUK, HO He BCTPeYAaIONMXCA CpesM OTMOMKeHHM BepxHero - 
‘ayleo30n. 

K BepxHeli nepMu — HWKHeMy TpHaCy OTHOCHTCA BHeApeHue UMHTpysuii 
‘OPPUPUTOB, AMOPHTOB HW rpaHOAMOPUTOB B Iipesesax HaoywKeHHOorO TymaH- 
aHcKoro mporu6a CuxoTs-AmMHbCKO reOCHHKMHAIM, KOTOpHIi, pacnosox*Kex 
Kkpalinem cepepo-Boctoke Kopeu. B stoi 30He cpeyqu BepxHenaleosouCcKuXx 
CANOUHbIX MOPO/, 3ak/OYeHbI NOKPOBbI TOpPupuToB, MOppupoB uM ux Tydos. 
Bo3sMoxkHO, 4TO Ha KpaiiHem cepepo-BocToKe Kopex MoryT ObITh yCTaHoBJeHbl 
peHenateosoickve MHTpy3uu. 
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TaOaunna 2 


CxeMa lloCmeqoBaTebHOCTH MarMaTHYeCKOM JeATeJIbHOCTH Ha TeppHTopHH Kopen 
B Me3030e H KaHHO30e 


Pada ShhysuBubre MOposbl Mutpysupupie mopoppi sien OG 
CKHH BospacT ate 
I]nnouen — BasabTb, Tpaxu6a3aJbTbl, Tpaxugoneputsl, wlesouHBe 


yeTBepTHY- | KOMeCHAHTHI, WeNOUHbIe pPHOMH- | rabOpo, AosepuThl, MMOyprurThl 


Had cucteMa| Tb, TpaXHTbIl, WieOuHbIe Tpa- 
XHTbI ; 
Muonex BasaubTbl, TpaxHOa3aJIbTHI, 
aHaJIbILMMOBbIe OasaJIbTbl, aH e- 
3HTbl MH UX TYbI, WesOuHbIe 
TPaXHTbl 
Ouuronex BasaibTbl (TepuTbl), aHyze- 
3HTBI 
Tatekunt JIlumaputel, wunapuTospie nop-| Jaiku uu WToKH kKBapueBbix |61 (auma-| 
apyc —la- | @upbl, TpaxuToBple Nopdupsl, nopupos, dewb3suT-nopdupos | pHTosple | 
weoleH aNbOHTOPUPE! MW UX TyMsI H KBapleBbIX CHeHHT-nophupos | mopdupsl)! 
Bepxuuli Mea AujesuTosple mopdupurTst, Jlatikopaa cepua 
JMMapuHToBple HU alluTOBble 3. Uenounple rpaHuThl, rpa- 
NOpupyl, WMMapuTbl W UX Tydbl, | HUTHI 
6a3asbTbl 2. [panoupbl, rpaHoquopuTsr 
1. J\noputTst, ra66po (amHoK- 
raHCKHH KOMMJIeKC) 
CpenHaa AujesuToBble nopduputnl, mu-| 2. Tl paHutet, rpaHoquopuTst J 
HM BepXHAA | WapHtopble nopdupsl 1. Iuoputsi, ra66po, nepu- | 464—136) 
ropa JOTHTbI (TAHYXOHCKHH KOMIIJeKC) 
Por — menac Jlumaputel, pexe anyze3uTpl 


MU 6a3aJbTEl 


Cpequnit CuenutT-noppupbl, CHeHHuTHI, 
TpHac IeOUHbIe MW HedesMHOBHIe CHe- 217 
HHTbI (MX€HPAHCKHH KOMITIJIeKC) 


Tloppupopugubie rpaHuTE u 194 
ylarvor panuTEl 


[panurtet, rpaHogquopuTH, | 214—184 
JIMOPUTbI, CHEHHTHI (XeCaHCKHH 
KOMIIJICEKC) 
Hmxnnit JIumaputel uM ux Tydbl 
TpuHac 


I'pynna MarMaTHYeCKHX KOMIIJI€KCOB OTHOCAILMXCA K STAaMy AKTHBH3ALLHI 
BOCTOUHOH YacTH KuTalickoli niaTPOpMbI B Me3030e, OTMHYAeTCA OT CXOMHBIX | 
HMMM OOpasoBaHMli MpHJeraloulHx TeOCHHKAMHANbHBIX 30H. B mepBylo (pa3' 
TEKTOHHYCCKUX IBWKCHHH B BOCTOYHOH YaCTH MaTPopMbl, BKOUAIOMeH Tep 
pxtopuio Kopeu, B cpeywem Tpuace B mpefenax OTLebHLIX CTPyKTYp MMe ME 
CTO TvVIbIGOBbIe ABWKEHHA, pereHepanua cyHyamenta, MOKPOBHad CKW1alyé 


TOCTh H MHTCHCHBHBIN MeTaMOpcpH3M OCaOYHOrO YeXw1a MaTOpMbI, CBA3AHHbI 
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BEPOATHO, C NOMbEMOM TJIYOHHHbIX rOpA4YHX pacTBOpoB u 9MaHalluii. C 3aKu0- 
YMTeJIbHBIMM (hasaMH STHX JBHKeHUI CBASaHEI BHELpeHUA TPelHHHbIX HHTPy- 
3H TpaHATOMAHOrO CyOmlenOuHOrO KoMMeKCa HM WeOUHOrO KOMIJIeKca, lpH- 
YPOMCHHBIX K OCEBbIM YaCTAM IJaTPOPMeHHBIX NporHOoB uM UX OKpaHHam. 

Co Btopol aso rabiOoBbIx TeKTOHMYeCKUX JBWXKeHHi B BepXHeH iope cBa- 
SaHO BHE[peHHe KPYNHBIX TPeUlHHHbIX MHTPy3Hii rpaHuToB cpesHeli ryOuHHO- 
CTH, MMeIOUMxX Ha TeppuTopuH Kopen Han6oulee wimpoKoe pacmpoctpanenne. 
K HavabHEM c:ha3sam o6pasoBaHna BePXHEIOPCKOrO KOMIIe€KCa HHTpy3uit oT- 
HOCHTCH BOSHHKHOBCHHE MCJIKHX Te ra66po u nepHgoTutos. Tlocmexyoune 
HHTPYSHM PpaHMTOHIOB IPpHypoweHbl K KPyMHbIM pacKOaM MaTopMEl, OpH- 
CHTHPOBAHHBIM MapaeJIbHO KpalO KOHTMHeHTa H CeKYIMM CTPyKTYpbI, Co3- 
JaHHble B MpesbiAyulyto dbasy ABuXKeHUIT. 

Tpetba cbasa TeKTOHWMYeCKHX JBMKeHUI M PacKOJIOB B BePpXHeM Mey Co- 
MpOBOAKAalacbh HHTCHCHBHBIMH MPOABJIEHHAMH Ha3eMHOFO BYJIKAHH3Ma H BHed- 
PeHHeM THMaOuCCaJIbHbIX MHTPy3uHli, ocoGeHHO B TeX paiionax, rue IIOBep XHOCT- 
HBIC U3JIMAHMA Ob HanOoulee HHTeHCuBHEIMH. MaTpy3suu cyOByKaHM4yecKoro 
KOMIIIeKCa (OPMUPOBaHCh B Tp *asbl (raO6po u AMOpUTET, rpaHHTHI, WLes04N- 
Hble PpaHHTbl), MPHYeM B 3aKJIOUHTEbHbI 3TaM BHELPHAMCh MHOrOUMCeHHBIC 
H pasHooOpasHble M0 cocTaBy jaliKku. 

Kaxkjaa u3 MepeuncyeHHEIX BbIle py MHTpy3uii cBAgaHa Cc ompeyesieH- 
HbIMH CTPyKTypaMH H OOvlaqaeT ompeseeHHOH MeTaIOreHHuecKOl CnelMamn3a- 
unei. 

_ B Teweuve Tpuaca, 1opbl H Meta Ha pa3smMUHEIX yuacTKax Mpoucxo_uaAN 13- 
JMAHHA SpPy3HBOB, MpeMMYlecTBeHHO KHCsIOrO M CpeHero cocTaBoB (mopdu- 
poBand (opmMaliva); TakuM OOpa3oM, HaMeuaeTCaA CONMKEHHOCTH BO BPeMeHH Hf 
MPOCTpaHCTBe MOBEPXHOCTHEIX W3JIMAHHH HM MJIyTOHHYeCKMX MHTpys3uli, a B TpH- 
ace — Take HM pasorpeBa Hu MOOHIM3alMH cbyHaMmenta. 

Mesos30lickue MarMaTHyecKHe opMallHH OOpasyloT cBoero poya pag cop- 
MallHH, UMeIONLMA OnpeseseHHy!0 HalpaBseHHOcTh pasBuTus. CpeqHuli cocraB 
MarM Pa3JIM4HbIX Me€3030HCKHX HHTPY3HBHbIX KOMIJICKCOB H3MeHAeTCA B Te- 
yeHHe reOJIOrMYeCKOrO BPeMeHH OT COCTABa, OTHOCHTeAbHO OoraToro wlesmoua- 
MH MH Ma*pwueCKUMH KOMMOHEHTAaMH (CpeqHUii Tpuac), K HECKObKO OOoOrallleHHOMY 
H3BeCTbIO, OTHOCHTeJIbHO Oosee SOeHOMY UleNO04aMH (BepXHAA lopa), H 3aTeM 
K HawOoylee selKOKpaTOBOMy COCTaBy, pe3KO O6eHeHHOMY H3BeCTbIO H CHOBA: 
HeCKOJIbKO OOoralleHHOMy WleouamH (BepxHuli Men). OOmelH yvepToH a Bcex 
CpeHHX COCTaBOB MarM ABJIAeTCA 3a4MeETHO NOHM2KEHHOe COsepxKaHve aHOPTHTO- 
BOrO KOMMOHeHTAa B OOpa3yIOIHXCA oOposaxX MO CpaBHeHHIO CO cpexqHuMU 
TunamMu no Jamu. 

B kKaliHos0e B CBA3H C TJIbIGOBBIMH BePTHKAJIbHbIMH J[BMXKCHHAMH LIMpOKO: 
IIpOABMaCh TpaxHOasaIbTOBad MarMaTHYecKand (hopMalluaA — Kak B 9dpcpy3uB- 
HOW, Tak HM HHTPy3HBHON ann. 

Mes30-KaiHosoHCKHH MarMaTH3M Ha BOCTOYHOM OKpawHe KutaiicKol msar- 
(OpMbI, Kya NpHHaqexkuT u Kopes, cpa3aH C MarMaTH3MOM IIpWJieraromlux 
TeOCHHKJIMHAasIeH MOCTOJbKY, MOCKOJIbKy HM OKpaHHa WaTpOpMbl MW reocHH- 
KJIHHAaJIM TIpHHalexKaT K OMHOH H3 KPyMHeHWIAMX MeracTpyKTyp 3€MHOHM KOpbl — 
THXOOKeaHCKOMy MOACy, ABJIAACb MO OTHOIIeHHIO K Heli CTPyKTYpaMH BBICIIMX 
NOpsKoB. B 3TOM CMbICJIe MarMaTH3M OKpaHHbI IaTPOpMbl CxXoeH C MarMa- 


| TH3MoM OKPp aHHHbIX TeOCHHKJIHHaJleH, HO He CBA3aH C TeOCHHKJIMHAJIbHOU CTa- 


ueu pa3BuTHa. 

YcTaHOBJIeHHe HeCKOJIbKHX JOKeMOPHUCKHX, MaJsIeO3OHCKHX HH YeTbIPex 
Me3O030HCKHX HHTPY3HBHbIX KOMIIJI€KCOB Ha I1aTPOpMeHHOH wacTH TeppHTOpun 
Kopeu aeT copepiieHHO HOBOe MpescTaBJIeHHe O TeOJOTHYeCKOM HCTOPHH 9TO- 
rO perHoHa HW MO3BOIAeCT HAMeTHTb B Me3030e TIO KpaHHen Mepe TPH 9MOXH 3H- 
OreHHOrTO pyoo6pa3s0BaHHsA: B CpeHeM TpHace, BepxXHeh lope H BepXHeM 
MeJly, YTO B KOPHe MeHHeT MpexKHHe MpeCTaBJIeHHA O MeTaJIIOreHHH pervoHa. 


Bcecow3Hblii Hay4HO-HCceqOBaTeIbCKHH Noel 
TeOJOrHYeCKHH HHCTHTYT 19 VII 
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Jjoxaaygn Akaygemun nayr CCCP 
1961. Tom 138, Ne 5 


TEOJOCHA 


M. M. OJMHILOB 


HOBbIM KOPCKHH BACCEHH HA f0Pro-3ATIAJE 
CHBUPCKOH MJIAT®OPMbI 
(IIpedcmaeaeno akademukom A. JI. Anuunoim 16 XI 1960) 


Ha pcex CyllecTBYIOW,HX TeOJIOrH4eCKHX KapTaX TeppHTOpHA, JerKallan 
K Ory OT HwKHero TeyeHHA p. AHrapbl, Mexkay 57—58° c. m1. u 103—109° B. 4, 
BKIOUAaIONLad B CeOa GaccelHbl pp. Kopp, Mypbi uw Kapadyvibl, NoKasbiBaeTca 
3aHATOM BepXHeMaseO30HCKHMH (KaMeCHHOYIOJIbHbIMH HW WepMCKHMH) OTVIOxKe- 
HHAMM WM pacCMaTpMBaeTCH KaK l0ro-3anaqHoe KpblIo TyHryccKoro OacceliHa. 
Ha reouioruyeckoii Kapte sucta O—47 macuita6a |: | 000 000, cocTaBneHHou 
M. H. Baaropemeuckor (1), MOUTH BCe KOHTHHEHTAJIbHbIe, YAaCTHYHO YrvieHoc- 
HbI€ OTJIOMKCHUA ITOH MOULAW TakKKe OTHECeHbI K BEPXHEMY TlaJleO3O10 Hi JIMLIb 
Ha BOopasqesaxX BbIeIeHbl HEOOJIbUIMMH MATHAMH «HepaC4uJIeHeHHble topCcKHe 
OTJIO7KCHU A». 

Astop, copmectHo c JI. B. Bamxkupospm, B 1959 r. copeplinI MapuIpyT m0 
nojuuHe p. Mypbl, oT ee HCTOKOB AO yCTbA B HalpaBJIeHHH C 1Oro-loro-BOCTOKa 
Ha CeBepO-ceBepo-sallal, MpOTAKeHHOCTbIO TO MpAMOH OKOIO 200 KM. UacTb 
TeppHTOPHH, B BepXHem TeyeHHH p. Mypb, MO CHX MOp He Mocellasacb reovo- 
raMu. 

Bo BpeMs 9TOrO MaplUpyTa OblIO BbIACHEHO, TO 0 GopTam AomHHEI p. Myphi, 
HauHHad OT ee BeEPXOBHH, 3a/leralOT Cj1a6O CIIEMeHTHPOBaHHble KOHTHHEHTAIIb- 
Hble OTJIOXRKeHHA, MpeCTaBJIeHHbIe MeJIKOraJieYHbIMA KOHTIOMepaTaMu, mMecua- 
HHKaMU H aJleBpOJIMTaMH. ITH OTJORKeHHA COMepHKaT MMAaCTbI KaOJIMHOB, CHJe- 
PHTOB, YIVIMCTbIX PIMH M yruieH, 

O6HaxKeHHaA MOWIHOCTh yKa3aHHOH TOJUIM, OMpemeseHHaA M0 eCTeCTBeH- 
HbIM OOHaKeHHAM, CocTaBsneT 120—150 m. Ilopogbt mexaT B OCHOBHOM ro- 
PH3OHTAJIbHO, HO OTMeYeHO H HaKJIOHHOe 3averaHue, C NaseHveM MmpeHMyllect- 
BeHHO Ha CeBep HM CeBepo-3anaq Nox yruamu yo 8—10°. 

KOHTHHEHTAJIbHbIe OTJOHKCHHA, PASBUTbIe B WOWMHe p. Mypbl, Opin onpo- 
OoBaHbI Ha Cnopbl HM MblWibuy. TlanuHomormueckue aHaJIM3bl A ompesemeHHne 
OTMeYaTKOB (IOPbl, MPOWsBeseHHOe B aOOpaTopuu AkyTcKoro reoworHMyeckoro 
yupapieuua M. M. Onzwunosoi, MoKasaMv, YTO KOHTMHeHTaIbHad TOMMILa Co- 
Ae€pxKUuT THNMYHbIM MaIMHOJIOTHYeCKHH KOMIIJIEKC HM KHEM JOPbl HM OTUACTH, 
cpesHei topbl. OnoprcTHyeckHe OCTATKH MOATBeEpxKAalOT ZTOT reomorMyecKHit 
Bo3spacT. B oOnuCbIBAeMbIX OTJIOXKECHHAX HalieHbl OCTAaTKH pacTeHHit: Clado- 
phlebis denticulata (Brongn.) Fontaine; Coniopteris sp.; Czekanowskia sp.; 
Pithyophyllum Nordenskidldii (Heer) Nathart.; Equisetites ex gr. ferganen- 
sis Seward, [lomamMo KpynHbIX paCTHTe/bHbIX OCTATKOB B OTMOKCHUAX OOHAPY- 
%KCH JOBOJIBHO OoraTblii KOMMVIeKc cnop, nosBouuBUIMA M. M. Oxnntoson j0- 
BOJIbHO YBePCHHO COMOCTABUTb OOJIbIIyIO YaCTb OMHCbIBAeMBIX OTJOXKeHHH 
¢ JleHacoM toro-3anafza Bumoickoh BiaquHbl Mu MpeqnonOKUTD Somee MOMOZON 
(BepxHad 1opa — HWKHMI Men) BO3pacT AWA CaMbIX BepXHMXx TOPH3OHTOB 
TOJILLM. 

lOpexue OTJIOXKEHHA B BepXOBbAX pp. Mypptu Omyta sameraioT Ha Moposax 
KE2XKeMCKOW CBHTbI CHJlypa; alee K CeBepy, OT npHToKa Myppi — py4upsa Ka- 
ityka (97° 25’ c. m1.) 40 pep. KoHopaoBo u3-Mog iopcKHX necuaHo-rinHH- 
CTbIX OTJIOAKCHHH BbICTYMalOT BYKAHOreHHble MOposbl — TyoOpekunu, Tydo- 
ariOMepaTbl HW Ty@bIl, BAMMO, OTHOCAIIMeCA K TpHacy, aB HWXKHeEM TeveHHH 
p. Mypst, B paitone c. Up6a, ornomenna YIrI€HOCHOH IOpbl CMeHAIOTCS BHH3 10 
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OcTaTKH pactenuli: Noeggerathiopsis derzavinii Neub.; N. theodori Zal. et 
Tshirk.; Rhipidion tygranum Zal.: Samaropsis artychevensis Zal.— u Komnuekc 
MHKPOCHOp, XapaKTepHbIH AIA OypryKMHCKOl CBUTHI, KOTOPawH OTHOCHTCA, 
BEPOATHO, K CaMbIM HH34M II€PMCKOH CHCTeMbI HJM K CJIOAM, MepeXOMHbIM OT 
BepXHero KapOoHa K HWKHeli mepmu. 

Paspes lopcKux OTOx*KeHUM OT BepxoBNii p. Myppi 20 pationa c. Up6a sab- 
AACTCA HENPEPbIBHBIM, 34 HCKJOYCHHeM YuaCTKa aHTHKJIMHAaIbHOFO MOLHATHA, 
BbIBOAAMerO Ha TMOBepXHOCTL 

_ TyoreHHble NOposb Tpuaca. 
HenpeppisHoctb ~—paspesa 
fOPCKHX OTJMOMHKeHHH M0 LO/IMHE 
p. Mypst, 3aneratouyux tam, 
rye Ha reomormyeckux KapTax 
MOKa3bIBaloTCA BepXxHeraveo- 
 30HCKMe MOpoyb, s3acTaBuner 
_ HaC MPeANOAO*KUTb, YTO BO3- 
_ pact moceqHux moKa3aH 
_oum6ouHo. JIo mnocwezHero 
» Bpemenn ONMCbIBaeMbI paioH 
_OcTaBasica “MOUTH He 4U3y- 
ueHHbiM. Ha reonormyueckux 
_ KapTaxX OH U300paxKaeTca 110 
_ AaHHbIM CTApbIxX  MaplIpyTHBIXx 
_pador (?,%,°,°), Bo Bpemsa xko- 
_ TOPbIX lOopcKHe KOHTHHeHTAUIb- 
_ HBI€ OTJIOWKEHUA HE OTCAJIMCh 


OT ON€Hb MOXOMKUX Ha HHX fut []2 [2—]s A i Bay 
BocPxHenaseosoucKux. Caenyer Puc. 1. CrpykrypHaa cxema cepepo-3anaga upkyrT- 
SaMeTHTb, TO reouorMyeckue ckoro amputeatpa. J — KOHTypbl jlOpcKHxX Ban: 
¢beMKu Bcecoro3sHoro asporeo-  / — Kancxoi, // — Mypcxol; 2— anpa antuKau- 
JIOTHYeCKOTO TpecTa Ha JIeBO-  HabHBIX cIpy ETA eh kalba ms Be ea 
Oepekbe HM>KHero Teuenug CHHCKaA Si se eb pied tet P 

p. Avrapp, a taxxKe Mpxyr- 

cKoro reosoruyeckoro yrpas- 

_JleHHA — BocTouHee p. Kospbl TakxKe NOATBepaKAalOT pacmpocTpabhenue 1opcKux 
| OTJO*KeHHH Ha MeCTe BepXHEMameO30HCKHX, MOKa3bIBAeMbIX Ha reosoruye- 
CKHX KapTax. ; 

IIpuBeyenuble JaHHble MO3BOVIAIOT BbIJeUTh Ha loro-3anasle Cu6upceKkon mat- 

“@OpMbI HOBy1O KpynHyto BIMaHHY, BbIMOJIHeHHY!O IOPCKUMH OTJIOMKCHHAAMH, 3a- 
_JleraroulHMM HeCOriacHO Ha HMKHeMaeO3OHCKUX, BepXHeMlaJleO3OHCKUX MW Tpua- 
“COBbIX Mopofzax. MowjHocTp ropceKux ocasKOB BO BilaMHe mpespuuaet 150 mM. 
Ilpeanonaraembie KOHTypbI BnaquHE! NoKa3aHbI Ha cxeme (puc. 1). 

[lo p. Mype, T10-BHJMMOMy, TlepeceKalouleH BilalvHy OT OopTta jo 6opta 
“B HanOowlee WIMpoOKOl ee uacTH, ONMCaHHaA BMaluHa JOMKHA ObITh HasBana 
Mypckoit. , 

- ” Pacnonarascn Mey Kavcxo-Taceesckoi BiaiwHo Ha toro-3anale xu 
‘Tyxryco-Youckoii Ha cepepo-BocToke Mypckaa BiasvHa OKa3bilBaeTCA TOUHO 
COBMEILEHHOL ¢ OCbIO mporu6a: LlentpasibHoni Me30301CKOn qenipeccum Cu6up- 

KOH MaT@opMbl, BbieteHHoh M. M. Ognuuospim Bp 1953 r (*, 


BoctouxHo-Cu6upcKuit reonormueckuit. wucTuTyT Thocry nusto 

Cu6upckoro orzenenua. Akazemun nayk CCCP 7 XI 1960 
WATHPOBAHHAS JIMTEPATYPA 

1M. H. BaoaropemeucKa a,’ .Doc. reon.’kapra CCCP macir. 1: 1.000 000, «ner 


‘O47 (Unancknii). O6sacuaTenbuaa. 3anucKa, M., 1958. 20. M. Tappuaos, Tp: 
‘Boct.-Cu6. reo. tpecta, p. 6, 1935. *G. B. O6pyu4es, Tp. Beecowsn. reon.-pass. 
pey., B. 16471 (1932); B. 178, 2.(1933).. 4M. M. Oxuuuos, Tp. Upkytcx..yuue., 
, cep. reom., 1953. -° H. ©. P160K0Hn bs¢:COopxH. Munepanbupie pecypcnt Bocr. Cu6upn, 
a, Upxytcr, 1937. ® A. C. XomentTosce kK it, Cos. Teon., Ne 6 (1938). 
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Jloxaagu Axkagemun nayx CCCP 
1961. Tom 138, Ne 5 


PEOJIOCH A 


H. A. WBAPEBA 


O HAXOAKAX CINNAMOMUM B MMOLEHE MPEAKAPMATbA 
(ITpedcmaeaeno akademuxom B. H. Cyxaveeoim 16 II 1961) 


Jlerom 1959 r. B [lpeakapnatbe B TOJINe MHCTBIHCKHX KOHTJIOMepaTOB B Ko- 
cope HaMu Obluia OOHap Y2xKeHA JIMH3a C OOJIbILIMM KOJIM4eCTBOM OTI€4aTKOB JIMCTbEB | 
Cinnamomum polymorphum A. Br. (Heer) (puc. 1 J). 

BospacT MHCTBIHCKHX KoHTiomepatos B. B. I'ayniko cunTaeT HMKHeCAapMaT- 
CKHM, a Ha OCHOBaHHM (bayHb! dopamunudep JI. C. IlnuBaHoBpa OTHOCHT Ux 
K BepXaM BepXHeroO TOPTOHA. 

Tlopogpt muuspi J[, BMellaloluleH OTMevaTKM JIMCTbeEB Cinnamomum, mped- 
CTaBJIeHbI TvlMHaMM, YepelyomluMucA c necuaHuKaMH. InMHbI roulyOoBaTo- 
M %KeJITOBATO-cepble, XPYMKHEe, CHJIbHO MecuaHHCTble, MeCYaHHKH 2KevJITOBATO- 
cepble mM cepbie, pbixsible. MOWIHOCTb JIMH3bI OKOJIO 1,5 M. 

B noseBbixX yCsIOBHAX OGHapy2KeHO, YTO Ha OMHHX MOCKOCTAX HalllacTOBa- 
HHA ObIIM TOMBKO OTHeuaTKH JHCTbeB Cinnamomum, Ha Apyrux — Oovbuloe 
KOJIMYeCTBO OTHeYaTKOB sHcTBeB Cinnamomum sMecte c Parrotia, pegKo Li- 
quidambar. 

Muoro otnegaTKoB (2—3 jecaTKa) H3-3a PbIXJIOCTH NOpO] paspylHJIHCb. 
Yuanocb CoxpaHuTb B KoseKuMH 13 orneyaTKoB Cinnamomum (NeNe 210, 
D112 919, 213, 214; 215/216, At Ba@ alee) 

JInctba 6oubulei uacTbIO WHpoKO/aHUleTHble (puc. 2,6,7), peke AHMeBHI- 
HBIe HIM WIMpoKooBaibuble (/, 2, 5) w peako manueruple (3, 4). muna mucTbeB 
mpuMepHo oT 5 no 8 cM, wupHHa oT 2 fo 4 cM. IIlpeoOnaqaroT JIMCThA 
WMpHHOH 3 CM. 

Bowpuiat YaCTb OTMHeYaTKOB MpeCTaBJIAeT HMXKHIOIO MOJIOBHHY JIMCTA, 
uaCTb — COOTBETCTBYeT JIMCTbAM MOUTH IWeJIbIM, HO Oe3 BepXYyHIKH;, OHH OTIIe- 
uaTOK OTBeuaeT IleJIOMy. JMCTy C OCTpow BepxyuIKoH (/). 

O6uK UC KOMaeMOro MaTepHasa — JIMCTbA 3aBeEPHYTHIe, MexKAaT B PaSHbIX IIJO- 
CKOCTAX HalwacTOBaHuA — JeaeT MaJIOBEPOATHBIM MpPOWCxOwKAeHHe BCeX 
OTHeYATKOB OT OMHOFO JepeBa MH CKOpee CBHJETEJIBCTBYeT O TOM, 4TO KOMIIJIEKC 
oTpaxkaeT CYlleCTBOBAaBIIy!0 paCTHTeJIbHy!O TpyNMHpOBKy C MOMHHAPOBaHHeM 
C. polymorphym. 

B muoueHe Kapnat pcTpeyaetca Bcero ofHH Bu Cinnamomum, OMHCBIBae- 
MBI TIO, pa3sJIMYHbIMH Ha3BaHHAMH. 

PojcTBeHHbIe CBA3H MHOLeHOBbIX BHZOB Cinnamomum c COBpeMeHHbIMH 
mpelerapuTesiamu poxa Cinnamomum jeTambHo paso6panpl A. A. KomakoBcKuM 
uv A. K. Wlaxppia (7). 3 paso6paHupix HMM BUZOB HanOovlee OIM30K K OTHeWaT- 
kam u3 Kocopa Cinnamomum polymorphum (A. Br.) Heer, momemeHHBIi Mod 
Ha3BaHHem Cinnamomophyllum cinnamomeum (Rossm.) Kol. [peyctapasetca 
Goule € 1lelecooOpasHbIM COXPpaHUTb 3a 3THM BHAOM HasBaHHe Cinnamomum po- 
lymorphum (A. Br.) Heer., nocKoubkKy M0 CTpoeHHio 39T1MepMuCa OH OJIN30K 
K poly Cinnamomum uv He ycTaHOBJIeHO TOXK[ECTBO MHOLMeCHOBbIX OCTATKOB C Ma- 
TepHa JlaMH M3 OJHTOWeHa, ONHCAaHHbIMM PocmecculepoM. 

OyHaKO pacTHTeNbHOCTh patioHa KocoBa BO BpeMA OTJIOXKeHHA MHCTHIH- 
CKOrO KOHrIOMepaTa CocTosa He TOJbKO U3 FpyMMHpoBoK c mpeoOmaqanvem 
C. polymorphum. O6 stom cBuyeTenbcTByeT KOMIJIeKc H3 mpocnoen B u I, 
coOpaHHblii Hamu B 1958 r. (1). ITH npociou oTcTosT oT AHH3bI Z[ Bcero Ha 2—3 M. 
44172 


Puc. 2. OrnesarKu ucTbes Cinnamomus 7 — (ommeuatox Ne 210), 3— (Ne 212) 


4 —(No 211), 5—(No 216) u 6 — (Ne 214)—nar. pen.; 2— (oTmeuatox Ne 213) 1: 0,9; 


7 — (otneyatok Ne 215) 1: 0,75 


JIAH, rT. 138, Ne 5, UIlpapesa 


: 


» 
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C) 


Syecb yale BCTpeyaloTca sucTba Parrotia pristina, Acer subcampestre, 
Ulmus braunii u Populus balsamoides, 6onee pexko Liquidambar europaea 


Cc 


(27 Ole Eeg3 


Puc. 1, Cxematuueckui paspe3 o6HaxKeHHA MHCTBIHCKHX KOHTOMepaToB Br. Kocope. J — 

mlecuaHuK, 2 — rauna, 3 — kourviomepar. Jlivna o6naxenns 350 m. A—ckomsenne maxkpotayHbl 

(Trochus, Turitella, Gardium); 5 — mpocnon c pactuteibuybim JeTputom; Bu /—zuu3a c orne- 

4aTKaMH JHcTbeB Parrotia, Ulmus, Populus u apyrux suctonagubix dopm; J] — muH3a co cKo- 
TWI€HHEM OTMeYaTKOB JIHCTbeB Cinnamomum 


k Fagus haidingeri, ofHumM-aByma otneyatKamu mpelcTaByieHbt Populus 
latior, Pterocarya castaneifolia, Tp Bua Carpinus, Zelkova ungeri, Plata- 
nus aceroides, Rosa petrasch- 
kivitschii, Vitis teutonica, a 
Takxe Cinnamomum poly- 
morphum, mpHuem o6a or- 
meyvaTKa 3TOrO BHa OTVJIN- 
yaloTCA HeOOJIbLIMME pa3Me- 
pamn. 

@Myopuctuyeckue  KOM- 
IJI€kKCbl BPeCMeHH Wepexojsla 
OT BepxXHero TOPTOHA K HU2K- 
HeMy cCapMaTy 3 Jpyrux 
MecToHaxoxKeHuu [IpeqKap- 
natba (Bep6osen, Poxus- 
ToB, MpmiuH uM mp.) He co- 
 JepxKat coscem Cinnamo- 
mum, a B MeCTOHaAxXOMKJeCHHH 
KoptTymMosa ropa, OTHeceH- Puc. 3. Mecronaxoxgenua Cinnamomum, TlepeuHCJIeHHbIe 
HOMeagl. FL. K yApuubiM rt) B padote. J— Kocos, BepxHult TOPTOH — HHK HHH capMat; 
K HWKHEMy cCapMaTy, Ha 2 — JIbpop (Koptymopa ropa), HWKHHH CcapmaT; 3 — 

c. Bepxuee Boganoe (Sakapmatbe), HH3bI HAxKHErO CapMata 
_700 ¢ AMUIHAM oTMe4YaTKOB (crpem6enckan cputa); 4—p. BypKano (3aKapmatee), 
MIPHXOAHTCA BcCero ABa OT- HH3bI HHwxKHeErO TopToHa; 5 — c. SaqHe (SakapnaTbe), aK- 
meuatka C. polymorphum. abate in) Jee ls Megat ey Ani aie oy es 
Be PARTE HOSBOMAIOT Ay- Bayon (luscianl B Senauak Gerrit TOp- 
_MaTb, 4TO KOMIIACKCHI C Tpe- tox; 9 — Bena (Tiirkenschanze),..capmat; 10 — Bopcex 
o01ayqaHvem ce pol ymor- (Borsec), maHomen; J7 — Jlonuua Coun, II HOLeH 
phum Ha py6exe TopToua u 
_capMaTa He HMeJIM WIMpoKoro pacmpoctpaHeHua B [Ipeqkapnatbe, a, CKopee, 
 OWKUBANM CBOM BeK B MeCTOOOUTAHHAX C OCOObIMH MMKPOKJIMMaTHYeCKUMH 
yCJIOBHAMM, O1aronpvATHBIMH AJia ITOPO PeJINKTAa MOJITABCKOH (pJIOpEI. 

JIun3a JJ B MHCTHIHCKHX KOHTOMepatTax B Kocope sABJIAeTCA HaHOovlee 


MOJIOJbIM Me€CTOHAXO2KICHHCM KOMITVJIC€KCa C mpeo61aqaHHeM Cinnamomum po- 
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6 
lymorphum ja sce cuctemb! Kapnat. lOoxnee — B BankaHax, HanpyHmep 
B BosrapHv,— KOMMIeKCbI C OOJIbUIMM KosIMYecTBOM Cinnamomum polymor- 
phum yyepxuBasNch 3HauHTebHO ONbWe, 10 CpeqHHbI MwIMOWeHa (°). 

Hau6oulee 61u3KkHe K KocoBy TeppHTOpHasIbHO WH MO BO3pacTy KOMIIJIe€KCbI 
CO 3HauvTebHOH poubio C. polymorphuna u3BeCcTHbI H3 HMKHerO TOPTOHAa M10 
p. Bypkauo B 3akapnatse (°). [locmeqHue nposBseHua C. polymorphum B 3a- 
KaplaTbe OTMeuaIOTCA M3 HeCKOJIbKHX MeCTOHAXOXKJeHHH BepxXHero TOPTOHa 
3 HH30B HWKHero CapMata (cTpeMO6eHCKOn cBHTBI) (*). FOxkHee, B Pymprnun, 
OTJeJIbHbIe OTHeEYAaTKH Cinnamomum BCTpevaloTcA B MJIMOMeHOBLIX, HHKHEJIEBAH- 
THHCKHX, OTJO*KeHHAX Tr. Bopcek (°). 

B 3anamupix Kapnatax, K ceBepy OT HHX, BO dbuope CBowlopnue Ha Cin- 
namomum polymorphum magaet Gosee 10% BcCexX OTMe€4YATKOB JIMCTbEB, HO 3Ta 
(bulopa, Kak MOKa3biBaeT HalieHHad BMeCTe Cc Heli (bayHa MOJIIOCKOB, MMeeT,. 
BePOATHO, JocapMaTcKui BospacT (’). EqMHuUHbIe Haxo_KH Cinnamomum u3- 
BeCTHbI H3 HWKHEerO TOpTOHa BepxHel Cumesuu (1°) — MecToHaxomyeHua J13ep- 
*ucaB (Dirschel) u Bary2xyos’ (Bluschau). 

B Bexckom GOacceliHe mocueqHue MposBJeHua Cinnamomum u3BecTHHI u3 
capmata (*), Torya Kak B H¥KHeM MIMOMeHe OH OTCyTcTBYeT (°). [lepeuucmeHHbe 
MeCTOHAXOKJleHHA HaHeceHbl Ha KapTy (puc. 3). B wenom no cucteme Kapnat 
BbIMMpaHue Cinnamomum 3akoHyuMoch Jaa I]peqkapnatba u SakapmatcKoii 
o6. YCCP, Buyumo, B Hayajle capmata, B Beuckom OaccefiHe — kK Hayaly 
MIMOWeHa, a B PyMbIHHM OH elle CYyILeCTBOBa H B MJIMOLeHe. 

Hactosutaa pa6ota BbInowHeHa nox pykopogcTBom VW. A. Uanpuncxoit. 


YkpavwHCKHH Hay4HO-HCCTeTOBaTebCKHIi Tloctynuno 
reoOropasBeNOUHblli HHCTHTYT 15 II 1961 
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Joraagn Akanzemun HayK CCCP 
1961. Tom 138, Ns 5 


TPEOXHMH 


H. M. BAPEHLLOB 
HEKOTOPbIE BOMPOCbI TFEOXHMUH YCHHCKOFO MAPFAHIEBOrO 
MECTOPO)KAEHUS (KY3HELLKUM AJIATAY) 
(ITpedcmaeaeno axademuxom H. M. Cmpaxoeoim 1 II 1961) 
Pyyonocupie OTJIOX#KCHHA YcuHcKoro Me€CTOPOKCHHA COrlacHO 3aleraioT 


Ha M3MCHYMBOH MO MpOcTHpaHHio KapOoHaTHOH Tome (puc. 1). Konnentpa- 
muH Mn, Fe wu P gus nogpyauerx orioxKennii NIpHBezeub! B Tabu. 1. 


Paonia 


Coyepxanne Mn, Fe, P p Nopoax NOAPyAHOH TOM (B BeCOBbIX 
mpowentax) (anaqutuk 3. B. IlymxKuna) 


— 


Tun nopogpi Mn Fe p 
SS EE eee ee ee 
JlonomuTel nanepo-cepie 0,01i—0,03 |0,09 —pegKo 1,95! 0,01—0,05 
Cpeguee no 37 o6pa3uam 0,02 0,4 0,02 
Uepupie u3BecTHAKH 0,01—0,02 Het — 0,17 Her — 0,12 
Cpequee no 31 o6pasny 0,015 0,15 0,0! 
Yepuble NHpHTOHOCHBIe cnanun | 0,01—0,02 0,11—0;28 0,08—0,14 
Cpeyuee no 27 o6pasiuam 0,012 0,20 0,09 
CpBeTu0-cepbie H3BeCTHAKH Her — 0,02} Her — 0,33 Her — 0,04 
Cpegnee no 34 o6pa3suam 0,015 0,14 0,02 


PygoHocHad TOMA MpescraBreHa KapOoHaTHbIMu MapraHesbin, pylamu 
Ma praHUeBUCTHIMH M3BECTHAKAMH H CjlaHIlaMH, HepaBHoMepHO NepeMexkarolulluMu- 
CA C HePpyMHbIMH MOpOsaMu, NpeHMyllecTBeHHO KapOoHaTHOrO cocTaBa; MOII- 
HOCTb TOJMMH — OT He€CKOJIBKUX MeTpoB 10 250 mM. MecropoxyeHne MOp a3 ew Aa- 
€TCH Ha TPH JIMHSOBMHbIC 3alexKU-y4acTKa, BbITAHyTbIe C CC3 ua IOIOB ua 
4,6 xm. Ha pygonocHou Tome cormacHo 3aueraert HapyWHaAd Toa, c10x*KeH- 
Had B OCHOBHOM CBeTJIO-CepbIMM USBeCTHAKAMM C OCTaTKaMH apxeorMaT H 
Bofopociei. OTH Moposbl XapakTepu3yioTca cogxepxanuamu Mn or 0,01 
mo 0,17, penko 0,40%; Fe or 0,05 go 0,39, penxo go 1,32%: 
P or 0,01 go 0,17%. Konuentpanun Mn B HalpyAHOH Toe He BbIXOAAT 3a 
mpegembt 0,01—0,05% v Mlb B Mopogax, MorpaHHyHEIx Cc pyJOHOCHEIMH, mpH- 
OMKAaIOTCA K KJapKOBOMY HM HHOrsa BplIe ux (0,10—0,40%). AnanormaHo m10- 
BeyeHue Fe u P; B usBecTHaAkax CogepxKaHue Fe 0,05—0,22%, P 0,01—0,04%, a 
Ha rpaHulle C PyOHOCHON Towle CooTBeTcTBeHHO 0,28—1,32%;0,04—0,17%. 

Hsyyenue Munepasioruueckux dopM Mapranila M xKeNe3a B pykax 103B0- 
JA€T CHMTATb, UTO B KapOoHaTHOH dopmMe mpucytctByet oT 70 go 100% 
BaJIOBOTO MapraHila, B CHJIMKaTHOH (bopMe (fMareHeTHuecKHe BbIeeHHA 
XJOPHTONOAOCOHOTO MuHepasia) Bo 30%. Jina xene3a, HaoOopoT, OCHOB- 


“Ha Macca BaJloBoro *Kelesa (10 82,5%) mpucyTcTByeT B cuIHMKAaTHOH cbopme 
' (XOpHTONOLOOHEIH MHHepau); BCTpeyaloTCA Takx%Ke py, B KOTOPHIX OoubUIAA 


4aCTb *KeMe3a HAXOJHTCA B Bue KapOouatTa, OJHAKO TaKHe PyJbI COepxKarT 


| peiKo nogunwHennoe KosmuectBo (oT 8,50 go 12,6%) FeCOs TIpH J,OMH- 


HHpYyroulux cojepxkaHHAX HOpMaTHBHBIX MnCOzs nu CaCOs (cM. TaOn. 2). 
Tlepexo oT BMellarolulMx, HepyAHBIXx Mopol K pyAOHOCHOH Tose Becb- 
Ma pe3KHH, CKaykooOpa3Hblii, BbIparxkalollHiicd B H3MeHCHHM KJapKOB 
KOHWeHTpainw Mn oT HeCKOJIbKUX JlECATKOB JO HECKOJIbKHX COTeH pa3; H3Me- 
HeHHA KJlapKOB KOHIeHTpallMu Fe u P TakxKe BeCbMa CYIeCTBeHHBI, HO CpaBHH- 
TeJIbHO MeHbie, YeM Mn (puc. 1). Stu cbakTH! ABAAIOTCA NOATBeEpxKLeHHeM M0- 
JiowkeHusa H. M. Crpaxosa (*) 0 Tom, 4¥To pyiHbIe HakonvieHuaA Mn, Fe u P pas- 
BUBAaIOTCA Ha IpHOpexKHOM KOHIe (allMaJbHOrO MpodusiA HX KapKoOB Ha cone 
NOHMKEHHBIX KJIapKOBbIX BeJHYHH. YTBepxKenve (7), 4TO BO3HHKHOBeHHe 
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PD a6 nH Trae 


wee Ho 6 SiO, | TiO, | AlO,| FeO; | FeO | MnO CaO MgO | Na.O | K.O P.O; 
— 9,88 |C 1,74 4/32) 15,84 28,05 8,12 2,92 | 0,08 Her 0,46 
2 — | 9'26 |Cnema| 0783 | 0,78:--| 5°75 | 48:80] 3:72 | 2°12 | 0/20 | Her | 0,18 
3 |-35,88| —=. «|: OL53 hin O97 ah eBeeSeg lel, SOy] AitpAGUiiie a, senna ae Py 
NoNe 06- bs FeO | Fe,O; | MnO 
aoe Ss sO, | CO, | H,O+| H,O-| Copr | x |—[O=S]} Cymma} pacts. pacts. pacts.| KBapy 
| 4 
1 0,02 | Her | 28,12} 2,97 | 0,24 | 0,42 | 100,18} 0,04 100,17 | 14,44 1,41 23,58 0,02 
2 0,34 | Her | 26,20) 2,041 | 0,16 | 0,05 | 100,37) 0,15 100,22 5,38 0,40 36,54 0,88 
OT tea iad hates ania Pt lu goles (2G. | ae oevel Ws 


CootHouleHHe MHHeEpaJbHbIx dopm Mn u Fe 


H aTHBHBIH MHHepasbHbIi cocTaB — 
cee P (B % OT BasioBoro) 


2e le : 
NaN 06- () : Sm x . ; = 
& |O Res 3 = 3 “i my ee 
pasiloB 2 Ne Ie a iS No} = Ss Q 
= oD a os iss] ol oa ES 5 5 
CG S * CS a ise 1S cs x G g 5 S o 
Of. G fh Ghd te S| BrC We gelicn 2 aateieecenslech by eel Mars rhe 
& o a oo = Beales BO. Ss & = o o o (a) 
= co S) = lec Peyeam = = = fo oe fu cm 
4 S052 dee 12,9 | 6,40 0,6 die2, 28,40 | 84,0] 16,0 | Her | 47,6 | 46,6 3,3 ahals) 
2 55,5 | Her Gyan lee 0,8 3,4 29,6 69,6} 30,4 | Her | Her | 82,6 Eyash || Gln) 
3 17750 | "8550! 13258 5,38 — 3,4 yo a eK) Her | Her | 92,3 | Her Teli — 


O6Gpaszen Noi. PeppoposoxposuToBaa pyfa C XMOPHTONOROOHDIM MHHEpasIOM, TEMHO-cepaa, TOH- 
KocaoncTanx. YcuHcKOe MectopomxpeHHe, JleBoOepexkHaa 3aexKb, OOp. 362, ckB. 39, uHTep. 39,0—39,3 m. 
AuaguTHK E. C, Ulumiosa. 

O6pas3en Ne 2. PogoxposuToBad pyga cepan, TOHKOCMOHCTad. YcuHcKoe MecTopoxgeHue, IIpa- 
Bo6epekHaA sanexb, OOp. 44, ckB. 131, uHTepB. 330,45—330,90 m. AHamuTuK E. C. Ilumosa. 

O6pas3en Ne 3. ManravOKaibuuToBad pyfa TeMHO-cepad. YcuHCKOe MecTopomAeHHe, AKHrOsb- 
CKaw gaiexb, oOp. 239, cxs. 315, naTeps. 34,30—35,00 m. 

MeCTOpOMKMeHHH MapraHila MpoOHCXo{WJIO Ha (OHE MOBbILICHHbIX KJIapKOBbIX 
KOHILCHTpaluH MapraHlla B oCalKaX, ABJIA€TCH HECOCTOATEIbHEIM. 

B npeletaxX pyJOHOCHOM TOMI MeCTOpOKACHUA OTYETIMBO BbIeAIOTCA 
ABe TpyNlbl KOMIMOHeHTOB: MaHTraHoduJibHad M CHepoduubHad. K mepBol 
rpymne Mpunaliekat Mn, CaO, MgO; cpefHeBsBeleHHbIe CoepxKaHHA KOM- 
NOHEHTOB STOM Fpylllibl 3aKOHOMepHO YBeJIHYMBaIOTCA B HallpaBJIeHHH C rora 
Ha CeBep Mo MIpocTHpaHuto MecTopoxwKdeHHA (TaOn. 3). Ko BTopo rpynne upH- 
HawiexkaT Fe, SiOQ2, AlsOs u S; cpetHeB3BelleHHble CosepxXaHuA STHX KOMIO- 
HeHTOB BO3pacTaioT B HallpaBJIeHHH C CeBepa Ha 10r. CpelHeB3BeLeHHble Cosep- 
*KAHHA WM AaOCOMOTHBIe Maccpl P, Tak 2%e KaK HM KOMNOHeEHTOB BTOpol rpynnnl, 
YBCJIMUMBAIOTCA B IOMRKHOM HAallpaBJIGHHH, HO HeECMOTpA Ha TaKy10 CBA3b 9TOT 
3JIEMEHT HE CJlelyeT, TO-BUHMOMY, OTHOCHTb K CHepouuIbHOH Tpynne, Tak 
KaK OH OObIYHO accolMHpyetca To c Mn, To c Fe B 3aBMCHMOCTH OT KOJIMUeCT- 
BeHHOFO TpeoOaqaHuA Toro WIM Apyroro pyAHOro KOMMOHeHTA. 


M3menennve KOHILeHTp alu STHX 3JJIEMCHTOB B 30HAX BbIKJIMHHBaHHA py- | 


AOHOCHBIX OTJIOKeHHH Mp 3aMeleHHH UX No MpocTHpaHvio HepyAHBIMH BMe- 
ULAIOWlMMM NoOposaMH WMeeT pe3KHH, CKaYKOOOpasHbI XapakTep. Cnemndpuka 


accolMalWH KOMMOHEHTOB MaHTaHO@usbHOH M CHepodHIbHOM Tpynnm crTaHo- | 
BUTCH Oowlee OTYeTIMBOM, eCH OOpaTHTBCA K MMHepasorMuecKuM (popMaM | 


PYAHbIX SJIEMeHTOB: HaHOo/bUIad 4aCTb MapraHia MpucyTcCTByeT B 
KapOoHaTHOH opme, a  x*Kelle3a —B CHMKAaTHOM dopme. Pa6otamu (47%) 
moka3aHo: 1) ato xwKeme30 OOsaaeT MeHbILell XHMMUeECKOM MOABMKHOCTbIO UH 
SHANHTeIbBHO JIerde OKHCJIAeTCH, YeM COOTBETCTBYIONIHe HOHbI MapraHlla; 
2) UTO CHJIMKaTH *Keslesa U KapOoHaTbl Mapranua dopmMupyrores mp Gosee 
BbICOKUX 3HaYeHHAX Eh, vem KapOonaTbl 2%esle3a HM CHJIMKAaTbI Mapranita; 3) aTo 
oOpasoBaHne CHMKaTa, KapOonaTa WIM cyabbula xenesa 160 Mapranlta 
OllpedeAeTCA He TOJIbKO BeM4MHAaMH pH u Eh, Ho uM TeM, Kakoll U3 AaHHOHOB 
SiOs*~, Cos*~ uaa S?~ 6yzeT JoMHHMpoBaTh B pacTBope. 
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uc. 1. Teonornyeckuii paspe3 u rpaduK pacipefeweHiA KapKOB KOHUEHTpallnu Mn, Fe, P 
OTMOKECHHAX YCHHCKOH CBHTbI (HNIKHHH KemOpuli), YCHHCKOe MeCTOpowKeHve, a — MaH- 
AHOKAIbUMTOBLIC, B OCHOBHOM Ma@HTaHOKaJIbUWT, Kavbiivesbiii poxoxposut, Mn 10—20%, 
— MapraHmosucTnie u3BecTHAkH, Mn 5—10%, 6 — KpeMHHCTO-yIIHCTbIe CaHbl, 2 — 
BECTHAKH cCBeTJIbIC; 0 — H3BeECTHAKH TeMHBIe, € — MOpOfbl OKPEMHEVIbIC, OKBapWOBaHHEIe, 
(pHOOMMTHSHpOBaHHble, oc — JOJOMHUT CBETJIbI, # — JOJIOMHT TEMHBIM, W — KpaCHOLBeTHbIe 
(PPUTOBLIE MecuaHHKH, K — PaCCMaHIlOBaHHble By/IKaHHTH (B OCHOBHOM NopiupHT) seeHo- 
KaMeHHOli CBHTbI,  — JHaba3bl, NOp*upHTbl 


3 JAH, 7. 138, Ne 5 4177 


Ta6auna 3 


Pacnpenesenue BeIHUMH CpeXHeBSBeICHHBIX COLepxKaHuH, aOcOJIOTHBIX Macc MH KJIapKOB 
KonueHTpauuH Mn, CaO, MgO, P, Fe, Al2Os3,’ SiOz, S B pygoHocHoh Tome YcnHckoro 


MecTOpOwK enh A 
IipapoGepexuni , Jlepo6epexublii AxKurospceKu Cpeyuee mo mecTo- 
K o-| Hpeneast yuacTok yuacToK yuacToK pox ZeHu10 
OMMIO- | 
coyepKa- 
Heutst |. °° a 
i a 6 e a 6 6 a 6 6 a 6 6 


MuuumM. 3,79 | 582,39) 42,10 | 6,08 | 783,88) 67,60] 2,05} 221,40) 22,80) — — 
Mn | Maxkcum. [46,14 |10457,71|179,30 | 16,99 | 6272,11/188,80 | 13,80 | 5364,06/153,30) — — 
Cpequ. 41.12 | 4566,33/123,50 | 9,98 | 2844,78]/110,88] 3,91 | 2575,57| 43,44) 8,64 | 3328,89] 96,00 


Muuum. 43,24 | 6186,54| 2,63 | 5,08 | 1080,57) 1,00} 4,33] 828,06) 0,26) — 


Cpegu. 1,64 597,73 


Muuum. {10,24 | 1830,40 
SiO, | Makcum. |20,54 |11263,34 


621,37} 0,12 1,84 | 609,55} 0,10 


7,62 | 2631,55} 0,13 | 18,47] 9790,95| 0,31) — — _ 
40,84 |13797,70| 0,67} 44,52 |31442,75) 0,75) — — _ 
Cpegu. 13,97 | 5627,10 21,68 | 6843,17] 0,36] 30,44 |24825,67| 0,52)19,95 |12431,96] 0,33 


MuuumM. 0,23 26,77) 4,6 0,26 26,12) 5,72) 0,90) 477,09) 18,1) — — — 
S Maxcum. | 1,10 | 572,71) 22,4 3,30 | 1525,92) 66,0 1,97 | 2011,76) 39,4 | — _ — 
Cpequ. 0,85 | 346,21! 47,00 | 4,45 | 404,821 23,4 | 4,87! 1244,421 37,4 | 1,44 | 655,18] 22,8 | 


wwe Ono for} 
Gord Ooo 
— 
iio} 
ww 


CaO | Maxcum. |36,14 |15756,91] 6,77 | 36,23 |16346,98] 7,19 | 28,86 |23344,6 | 4,54) — — = 
Cpequ. 24.24 | 9132,71| 4,81 | 22,74 | 7205,44| 4,34 | 21,22] 7601,15| 4,21/23,07 | 7979, 76 son 
MuuyM. 2,57 | 745,27] 0,73 | 0,72 | 144,44) 0,21] 0,52) 323,75] 0,15) — — = 

MgO | Maxcum. | 5,71 | 2094,96} 1,63 | 3,76] 867,87] 41,07] 2,95] 1909,64) 0,84) — — = 
Cpegx. 3,58 | 1219,35] 41,01 | 2,34 | 651,23) 0,67| 1,90] 1128,70| 0,53] 2,77 | 999,78) 0,80 
Muuunm. 0,034 Orsi) URS) 0,08 10,43] 1,01} 0,11 42,76) 1,36) — — — 

Pp Maxcum. | 0,183] 103,63} 2,29 |.0,22 | 401,73) 2,75) 0,41} 354,25) 5,08) — — — | 
Cpequ. 0,122} 48,44] 1,525) 0,157) 55,82) 1,96) 41,73) 141,21) 2,16) 0,149) 984,81) 1,86 
Munem. 4,75 | 305,66] 0,34 | 4,80 | 364,16) 0,85} 2,38) 900,14) 0,47) — _ — | 

Fe Maxcum. | 3,97 | 2323,72| 0,78 | 9,19 | 4146,53} 1,80] 12,12 | 7545,91) 2,38) — _ = | 
CpenuH. 3,13 | 1210,61] 0, 5,12 | 1740,52) 1,00] 4,04] 36041,55| 0,79) 4,412 | 2184,23) 0,81 
MuuHunM. 0,99 | 140,84) 0, 0,40 80,36} 0,02) — — _ Ilo 7ByM 

Al,O; | Maxcum. | 2,47 | 1486,94 i 2,64 | 1173,12) 0,46) — — _— yuacTKaM 

0 
0 
0 
4 


Tipumeyaunua. 14. J\na pacuera pygounocuol Tom ucnomb30BaHO Govtee 10000 BanoBEIx xu- 
MHYCCKHUX aHAaNHSOB, H3 pasBemouHOro oTueta Tl. Il. Jlampiruua, A. C. MyxuHa u gp. sa 1950—1955 rr., 
HM jjaHHbie us paOornr A. C. Myxuna u II, I. Jlagpiruna (1). 2. a— cpequeBsBelleHHble cofepmKaHua, 
6 — aOcOuOTHbIe MaCCbl B TOHHax, 6 — KJIapKH KOHICHTpallyHuH. 

Bo3pactanve BeiuuuH oTHomeHHA Mn/Fe pyfoHocHol ToMIM B CeBepHOM 
HallpaBsieHuu (1d Axkurosbckoro y4acTKa oT 0,26 yo 1,78 npu cpeqHeM 3Ha- 
yeHHu 0,85, a qua IIpaBo6epexuoro yuactka — oT 1,58 Jo 5,75, cpequee 3,52) 
ABJIAeTCA (akTHyecKOH JeMOHCTpallMeH OTJeeHHA MapraHlla OT *Kese3a B 
Tipollecce celHuMeHTalluH. K comaJleHHi0, OTJOXKEHHA YCHHCKOHM CBHTbI, MOUTH| 
BepTHKaJIbHO TajajolulWe Ha BOCTOK, IpeAcTaBIAIoT coOoH CcpaBHUTeJIbHO! 
Y3KHi Cle] Ha MOBepXHOCTH COBpeMeHHOrO TeoJlorMmyueckoro cpe3a. Ho He- 
CMOTpH Ha 93TO BepOATHO, Y4TO pyAHble ocakKH ocTynalw cC Tep- 
PHTOPHU, pacioJIO*KeHHOH B IO*KHIX pyMOax OT MecTopoxeHHA. MoxHoO TakxKe 
CUMTATb, UTO PaSBUTHe BYJIKAHHYeCKUHX HAaKOMJeHHH, B O— 12 Km K CeBepy OT, 
MeCTOPOK CHUA, MO CylecTBy He MOBJIMAJIO HH Ha XapaKTep CaMHMX pyJ, HH 
Ha COCTaB BMelLarolwMX UX OTJORKeHHH. SoHa BYJIKAHH3Ma OTJeleHa OT MeCTO- 
pOxkTeHHA TOJMLeH MpeHMylleCTBeHHO KapOoHaTHEIX Topod, coep*Kalllux 
Mn, Fe wu P a KnapKoBoM ypoBHe uM HMKe efo. K ory oT MecTOpo*KeHHA 
WMpoKkoe pa3BUTHe NoOMyyaioT KapOowaTHble MOposbl, TakKxKe CTepHJIbHbIe 
OTHOMIeCHHH PYJHbIX KOMIOHEHTOB, CJIelOB BYJIKAHH3Ma B HHX HeH3BeCTHO. 

Takum oOpasom, YcuHCKoe MecTopoxKyeHve KapOonaTHBIX MapraHlleBbIX 
Py ABMAeTCH 9K3OPeHHEIM OOpasoBaHHeM, opMUpoBaHve KoToporo He 
KOHTPOJIMpOBaJlOCb BYJIKAHHUeCCKHMH TipolleccaMu. 


TeoorHyeckHit HHCTUTYT Tloctynuso 
Akaylemun HaykK CCCP 30 I 1961 
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; ‘A. C. Myxuua, Il. I. JIagurun, Becra. 3an.-Cu6. reon. ynp., Ne2 (1957) 
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Hornans Ananemun Hayr CCCP 
1961. Tom 138, Ne 5 


TPEOXHMHA 


A. M. KY3HELLOB u LP. A. MAKCHMOBHY 


_O 3AKOHOMEPHOCTSAX HAKOMJIEHUA BPOM-HOHA 
B MOJS3EMHbIX PACCOJIAX 
(I1pedcmaeaeno akademuxom A. H. Ullep6axoeeim 12 XI 1960) 


Bpom reoxumuuecku H3y4eH HeoObMalino ciao, NYTH HAKONJIeHHA ero B 
BOAHBIX SEMHBIX PaCTBOPaX M MO3eMHbIX paccowlax He BbIACHEHbI. PackpbiTHe 
WX MOMIO Obl OKa3aTb yC1yry B MoncKax HOJLO-OpOMHELX Bus, HePTH H HEKOTOpBIX 
SJieMeHTOB. B yactTostteri padote ocsBellaetcs SAKOHOMEPHOCTA oboralleHusa 
OpoOM-MOHOM paccojoB HU MpeoOpasoBanusa ux CouleBoro cocTaBa. 

Cpequ SJleMeHTOB, CocTaBIMi0NLHXx COeBYIO MACCY OKeaHa, Opom (3yecb u 
aslee NOW, STHM MOHHMaeTCA OpoM-Hon) 3aHuMaeT OCOb0e Mecto. IIpu ucnapenun 
OPCKOH BO/bI OH yBJleKaeTCA B Be H3OMopHOH MpuMecu TBepsoii pason: 
TamutTom (NaCl), cuapBunom (KCl), KapHanautom (KMgCls-6H20), 6uo- 

HToM (MgCle-6H20) B ornocutenbHo BO3PaCTaiollluX KOJIMYeCTBAX OT lepBoro 
K mocuequemy. C Havana kKpucranan3anun HepBoro XJopHya Opom 3aKkono- 
MepHO paciipeyenmeTcH MexKY pacTBopom Hu ofuHoli ua HeCKOJIbBKHMH TBep- — 
AbIMM (asaMu Tak, 4TO CojepxKauHue ero B KpHCTaJaX BCera MeHbINe, 4eM B 
CouIMHOH Macce paccola, U olpeweiaetca KoHWeHTpatnel B pacTBope Ha Tol 
‘HM HHOM CTayuM KpHcTajJIM3alun. 

_ SakonoMepHocts pacnperesenus OpoMa MexZy TBepABIMH Hu XKHAKUMH 
| alae usyuena C. K. Wupkospm (1,2). [laa kaxzoro XJIOpHa Halijlew xapak- 
TepHbIM KOMPPUUHeHT, NOKASbIBAIOIii OTHOWIeHHe Colep?kaHHA OpoMa B Kpu- 
erase K CofepsKaHuio e€FO B COJIEBOM oCTaTKe >sKHIKoli cbaspt. Uncnenupre 
SHAYeHUA KOMP pUlMeHTOB pactipelerenusa Opoma to C. K. UupKosy u MT. Ba- 
miko (*) J = C,./C... NOBbIaIOTCA C yBemH4YeHHeM paluyca WM BajleHTHOCTH 
KaTHOHA COJIM, a HMeHHO: raHT (NaCl) 0,04, cuabBuH (KCl) 0,20, kapHanut 
(KMgCls-6H20) 0,32, Oumodurt (MgCle -6H20) 0,42. 
| QTM sHavenuA KosdpunneHToB nosBomsI0T OLeHUTh MopeenHe Opoma upu 
BbINIeaYMBaHHM CONAHBIX TOMI M MocieLoBaTejBHOM MpeoOpasoBaHuu noL- 
SEMHBIX paccovioB. M3 stux Berw4HH crelyeT, uTO IIpHpodHble pacTBopbi o60- 
PallaroTcA OpoMoM Mo Mepe 3amellenua XJOpHa HaTpuA XJOpuyamu Kanua, 
MarHHA, HU, BepOATHO, KaJIbUua. 
_ AxHasIM3 2aHHBIX 0 cocTaBe PaccOJIbHBIX BO MOKAa3bIBaeT, UTO HaKorVieHHe 
SpoMa B COJeHBIX BoMax, re Obl ONO HH MPOHCXOAMJO, BCIOLY CBASAHO C TIpe- 
OpasoBaHHeM CoOJleBOH MaCcbI pacTBOpoB — c HakonJeHHeM XJIOPHAOB Kaus, 
fatHuA M Kaibuna. IlepBeie ABe cou, Kak Uu3BeCTHO, MOrYT HaKallJMBaTECA 
IpH UClapeHuu MOpcKol BOAbI H BHIleauHBaHHH COAEEIX SaslexKelH, XJOpuyL 
RAJIDILMA MOABMIACTCH TOJbKO B OOMEHHBIX peakILHAX. OOmenHpe peaklun B 
icnap AioWlMxcaA OacceliHax CBASAaHBI C MOCTYMVIeHHeM TeppHreHHOrO MaTepHaua 
CytIw M MpOHCXoOAAT pu Mepemellenuu ero Yepes coxepaamuli NaCl Boni 
WOH, YTO, ECTeCTBEHHO, CMelllaeT paBHoBecue B CTOPOHY NOrsouleHuA HOHOB 
faTpHA MHCIepCHbIM OCeLaIOUIMM BelleCTBOM HM BbIXOa OOMeHHBAIOULUXCA Ka- 
Mouos Mg?* y Ca2+ B pacTBop. OTo ABJIeHHe, HallpuMep, oTUeTANBO BbIp AXKEHO 
“fpymme Ilepexonckux osep Kppima, o. Backynuax, Meptsom mope, Te co- 
@p2kanve TamoreHufoB JocTurdio BbICOKHX KOHILCHTp allan. 
Hakonsenue MgCle u CaCle B mox3eMHBIx Bosax cXoHo c KOHIeHTpalivelt 
k TIpH CoHeyHom (4) MCNapeHHM CO/AHIX BOJOEMOB C TeM, OfHAKO, OTHUHeM, 
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qTO B MOASeCMHbIX YCJIOBHS 
poB B Toke ocalOuHoro KOMIWIeKCa, 


X OHO BOSMOXHO TOMbKO pH NepemMelenHH pacTBO- 


H3MeHsAeT COJleByIO Maccy pacTBopa,. 


Teppurenuple Nopokbl H MopcKHe HubI 
HeEKOTOPA LACT 


XJlopHa HATpPHA: 


a B UMHAKYIO epeXoMT SKBUB 
Strot oOmMen B Tore pHBOANT K Hakoll 


NaCl. Takum oOpasom, 


BaHHA CoOCTABa TOJSEMHbIX pac’ 
HeHHeM pallbl OTMHp alollux Oace 
yeHHe KOHILeHTp anni KATHOHOB HW AHHOHOB C MaJIbIMH 


KOMILMIeKChI BbICOKO!L pacTBOPHMOCTH. 


Tloumevennan 


re oOMeHHbI Mpollecc KavecTBeHHO 


OMMHAKOBO pearHpyloTr € pacTBOPOM 
HOHOB HATPHs Morsoulaercs TRepol pasoi, 
aleHTHOE KOJM4YECTBO HOHOB MAPrHHs HW KaJibIHs. 
jleHHIo B pacTBope CaCl u MgCls B3ament 
HameyaeTen OOULad TeneTHYeCKas CXema 
TBOPOB, CXOMHAN C MOCMEAOBATEMbHbIM H3MC- 
elinoB. B OOOHX Cly4aHX MpOHCXOMMT YBeJIM~ 
pokamu (°), oOOpasyioulHx 


lipeoOpaso- 


3aBHCHMOCTh OOHApyXHBaeTCH Ha NpHMepe H3y4eHHsA CO- 


cTaBa paccoJlOB Masleoson Pycckoil nvlatdopMbl H Apyrux pervonos, B ta6n. 1 


cBellenbl anuble (°°) o cocraBe 
900 r/s, LOOITHIX 3 TryOHH oT 240 jo 
pas JIMUHbIX reorpatHuyeck HX 
MHJIIHSKBUBAIeHTAX, CoepxK 


Mops — Ha | Kr pacTBopa. 


KontlenTpattus Opoma B paccou 


CaCle -+ MgCle 


cumOaTHo oTHoweHHio CaCls + MgCle 
NaCl, cowepskanue Opom 
qanx ono OowJbIIe, He 3aBHCHT OT B 


mo Mepe SaMellenu st 


Tasos. Paccolb 3HadTebHoO oOorallenbl 


THMHYHBIX pacco/IOB C MUHepainsainel Oowuee 
2954 M H3 TOV, pasHoro BospacTa H B 
rouKkax. CocraB HX JaeTes B COJICBOM BbIPaxKeHHH— 
anne OpoMa — B mui/J, jist paccoua MeptBoro 


aX YBeIHUMBAeTCH C THOBbILICHHeM CYMMbI 
H HonmKeHHem cosepKannsa NaCl, a B oOileM H3MenseTCs 
: NaCl. B_ paccouiax, oO6pasoBannbiXx 
a nepeluKo — Menee 100 mr/J. Bo Bcex Apyrux cily- 
ospacTa BMeuLaioUlel TOJIM M Hapacraer 
XJlop Ha HaTpus XJlIopHvaMu WeNOUHOSEMeJIbHbIX Me= 
OpoMoM B TOM CvIy4ae, 


Kora 


CaCle -+- MeCls Komuuecrsenno mpeo6magqaeT na NaCl. Han6onpuree cojep- 
*aHHe Gpoma, oKovlo 9800 mr/a, Halieno B paccolle MeptBoro Mops Ha 


Ta6Omuua 1 


Conepoli cocTaB MOASeMHbIX paccoyioB 


° S a a om 
se 18a) J | Ble)a ie 
: | 9 % ix ‘ tl Ale 
Bospacr ss aa Se i) ta a 1] +12 at 
Mecropoxyenue TON Ise wz -) 
4 ao B MIVJWIMSKBUBANOHTAX Ha JUMTp Q c 
ba (ee e) 0g 
Bocrounan Cu6upp, EvnosKa H, xem6puti 0,8}70,8 22,0) 29,8)8048,6) 4074,5] 0,018) 107 
Bamkupexaa ACCP, MmumGall H. nepmb 8,0/01,6 18,6) 62,9)4074,4) 4245,6) 0,017) 88 
Bocrounan Cu6upp, Oca H. Kem6pui 1,2) 4,2) 488,7) 6,0/5106,7] 6804,8] 0,088) 234 
Besopycckan CCP, Evnex Jlenon 4,8/12,8) 822,6) 88,8/5007,4) 6526,4) 0,081) b4 
Iipuypasbe, Kpacnoxamek C. enon 5,8184,7| 279,6] 118,5)4236,4] 4674,9] 0,004) 818 
SAkyrexan ACCP, Onexmunck Kem6puit 0,5)19,0) —825,7) 106,8)4248,8) 4700,8) 0,102) 419 
KytiGpimenckas o61., PaxonKa Kap6ou 2,9)28,4]  880,6) 167,0/4810,0) 4888,6) 0,415) 478 
@eprana, Tlanpanram Meu 1,0)31,0) 885,5) 166,6)8624,6] 4158,7] 0,488) 160 
CaparoscKas 061., Hopoysenck Opa 0,3] 9,9}  603,2) 277,5]3079,4] 4870,8] 0,221) 890 
Kuposckan o6n., Korenpunyu Kap6on 4,4)19,9 578,8} 205,8/8272,7) 5078,8] 0,288) 400 
Iipuypanpe, Huirsa H. nepmb 40,8/22,9)  665,3) 824,9/8275,8) 4198,7) 0,272) 412 
®Meprana, Dlanpanraw Tlaneoren 0,3}/42,6) 694,6] 862,9)3442,38) 4499,7} 0,803) 400 
Yamyprexan ACCP, Moxesck K ap6on 3,4/17,7|  565,9) 615,4/8478,3) 4580,7) 0,810) 554 
Bamkupekas ACCP, Tylimasn Kap6on 1,3) 4,6) 557,6) 581,5)38868,7) 44638,7) 0,823) 540 
Yamyprekaa ACCP, I'nasos Banaun- 0,8} 9,8) 1094,7] 258,4)8400,2) 4760,4] 0,397) 780 
cKas CB. 
Iipuypanbe, KpacnoKkamek H. kap6on 4,2}18,2} 9383,7) 841,2/8448,8) 4438,4] 0,407) 601 
Bamkupcekan ACCP, Yekan Jlenou 1,4] 0,9} 4292,6} 848,9)8507,2) 54145,7) 0,497) 904 
IIpuypasmbe, Tonasna H. kap6on 0,6)44,8) 1118,2) 550,9)2041,8) 4617,8} 0,566)1028 
Ilpuypanee, Cenepokamck C. Kap6on 0,6)11,2) 1187,2) 618,212774,8) 4542,0) 0,630] 818 
Bamkupcexan ACCP, Tylimasnt Jlepou 0,8} 0,5) 1407,2) 448,5]2669,4) 4526,4] 0,695)4200 
Ilpuypanbe, Kyeya Jlenou 0,9) 4,5) 1906,0) 897,5)2528,0] 4836,9) 0,913)1590 
TipHypaspe, YepnywKa Banswnckas 0,4] 9,6) 1963,0) 473,0]2618,9) 5059,9} 0,932)2046 
cB. 
Bocrounas Cuoupp, EnonKa H. kem6puh 0,8}12,6) 1573,0) 680,7}1942,8] 4209,4] 4,160)83854 
KyfOpmesnckaa o6n,, KyKonka | H, nepmMb 3,5} 5,4) 2280,1) 764,4)2517,2) 5520,0] 41,187)1482 
KyhOpimenckas o61., Kp. Tlonsanal Jlenon — | 3,9) 2451,7) 386,2)2058,4) 4845,2) 4,857/1924 
sixyrcKkan ACCP, OnexmuncK KemOpuii 6,6) 2,38) 4867,4) 808,9}1015,3] 6695,5} 5,585)4610 
SAkytcKkas ACCP, Ounekmunek Kem6puii : 8,6) 2,5) 4970,7) 582,6) 953,8} 6468,2] 5, 769/8845 
Bocrounan CuOupp, Tpiperp H. Kkem6pnii $ —| — | 4527,2)1536,3] 985,6] '7049,4) 6,4152)/6733 
PR ents Oca At KemOpuit 4 ine 2,5) 7979,6/1275,0) 543.4] 9845,0/17, 0438/8785 
» Mp é SMULy p 643/19,8) — | 10274,6] 594,8] 547,8] 11484,0/19, 829/3600 
Meprnoe mope _ 2601 — 143,0]  846,018419;51 737;2 rol 8801 (778 
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5015, 71 6, 80117783 


rayOune 300 mM pu 3HauutTeabHoli KOHMeHTpatinu MgCle. OnHako BBICOKNe KoH- 
enTpainu Opoma, Sosee 3000 mr, pewKu, Tak xe, KaK paccoub, IpHosn- 
*KAIOUNMECA K TeOPeTHYeCKH BO3MOXKHLIM SBTOHMYECKHM CocTaBaM, OCYUlecT- 
BAAIOULMMCA B MpHpojle B eAMHHUHEIX CLyUaAX, 

HalijenuaA 3aBvcumocth oT4ersMBO BEIPHCOBLIBaeTCH Ha rpaduxe (puc. 1), 
MOCTpoeHHoM Mo Aanupim M. A, DatanpcKoro (8) u B. A. Kpotosoii (°) a8 pac- 
CoIOB KeMOpHlicKUX, JeBOHCKUX, KAMeHHOYTONbUBIX, Ne€pMCKHX, JOpCKUXx HU 
MeJOBbIX OTJO*KeHHU. PacnodJlowKeyue ToueK B BUE Y3KOH MoJIOCbI. XapakTe- 
pH3yeT oOorailenue paccostoB Opomusamu c pocToM KonllenTpattun CaCle u 
MgCle. Sto sapucumoctu noxunusoTCA paccoubl MHOTHX perMoHoB UU Cous- 


{Ca Cy) +(MgCly] 
{NaCl} 


0 500 7000 1500 me) 2000 


r— 
Puc. 1, Sapncumocth copepxanun Opoma oT oTHomenna 


CaCl - MgCle : NaCl no nanupim M. A. Tatanpcxoro (2) 
4 B. A. Kpotopon (2) 


HbIX O3ep. IlostTomy oTHomeHHue CaCle -- MgCle : NaCl paccoJoB ABJAeTCA 
KOMMYECTBEHHOM Mepoli ux tpeo6pasoBanuA, OObIMHO Ha3bIBAeMOrO MeTaMOp- 
_ dusainei. 

SakoHOMepHoe yBeM4eHHe cosepxKaHua Opoma C H3MeHeHMem coseBoro 
CocTaBa PaCCOJIOB IPH MaJIO MeHsIONLeiCA MUHeEpasM3allMM MOKeT O8HayaTh, 
4TO HaKOMJIeHve ero NpOMCXOAUT Ha NYTH MUrpalMM BOLI B NOpOsax, B KOTO- 
_ ~pbix MMCCTCH TaJuT, ComepxKauiun mpuMecb Opomuya. Ilocue HacbimeHHA pac- 

TEOpa LaJIMTOM, B KOTOPOM HakoriJieHHe Opoma elle HeBeJMKO, pacCTBOpsAeTCA 
-H30MOpdHaxA MpuMecb u3 KaMeHHOM coum, Haxogamelica B JMCIepCHOM COCTOS- 
HHH, TaK Kak HaCbieHHbIH pactBop NaCl cnoco6en BbimenayuBaTbh OpomM u3 
M€IKMX KpuCTaNOB raiuta (1°). OuepuzHO pacTBopeHue Opomuga mpoTeKaer 
OMHOBPeMeHHO C MpeoOpasoBaHuemM CcoseBol Maccbl paccoyla B OOMeHHBIX peak- 
UMAX TPM JBYKeHHM 2KUKOCTU B TOMMe. OtTciofa oGorameHue xnopugamu (nu 
Opomom) — (pyHKUMA AMHDI nyTH MepemenleHuA pacTBOpa B Nopopax, BCver- 
cTBHe 4ero OoraTbHle STHMM COJIAMM PACTBOPbI OMHAKOBO BEPOATHLI B KeMOpHH, 
CuJlype, JeBOHe, MepMH, Me30KaliHo3s0e, rae UX HasM4aHe HM ycCTaHOBJIeHO Ha 
OoNbUIMxX IyOvHax B yfaeHHbIx [pyr OT Apyra TouKax. Sta oOuHOCTD BbITe- 
KaeT W3 OOULMX CBOLICTB MOpos, — CnocoOHOCTH OTJaBaTb PaCTBOPHMble cou Hu 
MpOABIATb OOMEH Ip B3aMMOseLiCTBUH C paCTBOPaMM JJIeEKTPOJIMTOB. 

Coo6paxenne 0 mepexoce xn HakonJieHHu OpoMa B Mos3eMHbIX paccoslax corva- 
CyeTCA C YCTAHOBJCHHBIMH, HO elle MaJIOUACeHHLIMH, (pakTaMH KOJIMYCCTBeH- 
HOrO COfepxaHUuA PacTBOpUMbIxX Coe B OCAaJOUHbIX TOJMaX 3eMHOM KOpbI. 
KapOonatubie oTioxwKeHua naneo30a PyccKxolt nuardopmp (17) cofepxaT cysb- 
(aT KabUMA, HEpeAKO B 3HaUUTebHOM KOvMuecTBe, raHT (1°) u 6pomuspi (1°). 
Coyepxanue NaCl Bb otnoxmenuax jepona coctrapasaet 2860 Mr, aNaBr 228 mr 
Ha | Kr nopogpi. Cpezuee coxepxanuve NaBr B rate KeMOpuiickoro Bospacra 

Boctounon Cu6upu (7°) cocrapaser 350 mr/Kr, B TOJe MepmMcKoro Bo3spacta 
(*) a Iipuypanbe 260 mr/kr. Cxojupie qaHHble MouyyeHbI Ait HOBOCAaLKH ComM 
B O3epax Ip uCHapeHuN pani o3sep u Bost AsoBcKoro Mops (’*). 

PesiomupyA, MOXKHO MOlaratTb, YTO OOorallleHHe TMOA3eMHbIX PaccOJIOB CO- 
JAMK MOWKET TpoTekaTh pBonKo. 1) O6pa30BaHHe HaCbIIIeHHbIX PaCTBOPOB 
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NaCl B KOHTAaKTe C COJIAHBIMH 3ae%KaMH H Moceyloulee MpeoOpasoBaHue Cco- 
CTaBa B OOMEHHEIX PpeaKIHAX Ha MYTH ABWXKeHHA pacTBOpa B KapOoHaTHO-Tep- 
pureHHoH Tose. 2) TlocreneHHoe HakorJieHve Covel Mp BbILeawMBaHHHu 
JHCMepcHOro raJuTa M3 MOpoy KapOOHaTHO-TeppHreHHOrO KOMIVIeKca HM mpeodpa- 
30BaHHe COJIEBOrO COCTaBa Yepe3 OJHOBPeMeHHO ULyllHe OOMeHHbIe Mpoleccst. 
B ToM uM ApyromM cuy4ae PopMupylonlMecs PacTBOPbl H3MeHAIOT CBOH COCTAaB 
B CTOPOHY Ooulee paCTBOPHMBIX, 9HEpreTHYeCKH OoJIee BbIFOMHbIX COJIEBLIX KOM- 
OuHalni. 


TlepmckuH yHHBepCHTeT Tlocrynusto 
um. A. M. ToppKoro 12 XI 1960 
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MOe3sHbIX HCKoraemEIX, 1939. 8A. M. Kys3uenos, C. H. HospuKosa, JAH, 
39, Ne 2 (1943). 7A. M. KysHenos, JAH, 39, Ne 4 (1948). §& M. A. Patraas- 
cxul, Tp. Bcecow3H. HaydHo-Hcc. reo.-pa3B. HepT. uHcT., 9 (1954). ® B. A. Kpo- 
TaBa, Tp. Bcecoio3H. Hay¥HO-HCCJ. reowl.-pass. rea wucT., 16 (1956). 1° A. Tl. Map- 
KOBa, Jlox1. BCCP, 2, Ne 4 (1958). “4H. A. Terauno, Teonorua uw reoxumua, Neo 2 
(1958). EE. B. Uapuua, Tp. BcecowsH. HayyHo-vccl. reom.-pasB. Hepbr. uucT., 130 
(1959), 4. A. Maxkcumosuy, eee reorpapua Box cyllH, 1955, 
oR. An Kihovona, Teoxummuecknit c6opH., 5, 1958. %L. C. Case, Bull.. Am 
Assoc. Petrol. geol., 29, 5 (1945), 48 Ma i Brats mronen ie Ae Ulnesuurep, 
Bion. Uner. ranypruu, ‘Ne 45 (1938). 2° A. Tl Bunorpagxosn, A; "BE Pouons 
Teoxumua, Ne 6 (1956). 18 JI. A. Ty asesa, JAH, 80, Ne 6 (1951). we, (5 Bal ae 
ee Tp. Muer, nepru AH CCCP, 97 (1958): 28 1B eG. Oruenk o, Teoxumus, No 8 
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q rEOXHMH 41 
/ 


JI. E. WITEPEHBEPr 


O HEKOTOPHbIX JETAJIAX NPOWLECCA OCAXOUHOrO 
PYJOOBPASOBAHWHA (HA TIPHMEPE MAPIFAHLLEBbIXxX PY] 
BOCTOUHOLO 3AYPAJIbS) 

(ITpedcmasaeno axademuxom H. M. Cmpaxoeim 13 II 1961) 


/ 


} 
b 
IIlpu usyyennn MectopoxyeHnii o6stmHO riaBHoe BHUMaHHe yJerneTca oc- 
_ HOBHBIM BONIpocaM pyfooOpasoBaHuA HM B 3HaUMTeIbHO MeHbIel CTenmeHH pac- 
CMATPHBalOTCA HEKOTOpble AeTasIM STOO CJIOX%KHOFO Npollecca HM ero pasBUTHE BO 
BpemMeHu. PynooOpasoBpanuve MMeeT YepTH, OTMMUHbIe OT OOHIUHOFE OCayKOOOpa- 
SOBaHUA, B pesyJIbTaTe KOTOPOFO BOSHUKAIOT KJlapKOBble COLepKaHHA 3JIeMeH- 
| en OgHakoO, HeECMOTPA Ha ABHO CYIIeCTBYIONIHe OTMMUHA, MeEKLY PYAHEIMH 
HaKONJICHHAMH HW pacCeAHHbIMM COslep2%KaHHAMH JJIEMCHTOB B MOpomax cylllecT- 
‘ByI0T TecHble NepeXOgbl. OTM Nepexogpl, Kak yKaspipaeT H. M. Crpaxos (°), pea- 
' JM3y!0TCA B Buse Oovlee HIM MeHee LIMpOKHX MOs10C BOKpyr KaxK Oro pyAHOPO Tea, 
OO0pa3yA MpomMexKyTOUHbe 30HbI MEXKLY HUM M OOWIUPHOM OGAaCTHIO KJapKOBbIX 
» CofepxKaHHi, a TakxKe B BUJe CAMOCTOATEJbHEIX IATeH MH YYaCTKOB HelopasBi- 
Toro pyfooOpa30BpaHHaA Ha KJlapKOBoM (boxe. ; 
i HesapepiieHHbIM pyooOpasopaHve MoxeT CUHTATBCA Torya, Kora cosep- 
| 2KaHve SJleMeHTa OM3KO K pyfHOMy. IIpu HeOoubUIOM MpeBbIILIeHHH KJIapKOBbIX 
| BeJIMYHMH MOXKHO TOBOPHTb 00 SMOPHOHAILHOM UM 3adaTOUHOM pyooOpaso0BaHHH. 
'  Bbispsenve cyuaeB HesaBeplieHHOrO H 2MOpHOHAaIbHOTO pysooOpasoBaHnii 
_ MUX M3yyeHHe NOsBOAIOT Oosee rIyOOKO MOHAT OCOOeHHOCTH Mpouecca pyso- 
oOpasoBaHua 110 CpaBHeHHIO C OObINHbIM OCaKOHAaKOMJIeHveM. 
a puc. | npuBeeHbI CXeMaTHYeCKHe paspesbl pa pasBeAOUHbIX yYaCTKOB 
_¥M MecTopoxjeHui MapraHieBbix py Boctounoro Saypasba. Hesapepuiennoe 


ee” 


’ 


&, 
pymooOpasopaHve B STHX paspesax XOPOIO yCTaHaBJIMBaeTCA MaKpOCKOMHYe- 
| ‘ 


| cku. Tak, B npefenax Koumucxoro u IOpKuncKoro Mectopoxyenuli (C. JI. Pa- 
 Ounosuy u Ap., 1955 r.; JI. W. Kononosza u p., 1956 r.— HeonyOmukoBaHuble 
JaHHble) B HWKHUX YaCTAX CAHTOHCKHX OTJIOMKeHHH MO OTC/bHIM CKBa%KHHAM 
_ HaOsO{alOTCA MaJIOMOMIHEIe (0,05—0,10 mM) mHH3bI KapOoHaTHOH MapraHieBol 
| pyZbl, KaK MpaBuso, CBASaHHbIe C yBeIMYCHHBIM KOJIMYCCTBOM OOJIOMOTHOFO Ma- 
TepHasla, B paspese. 
-  Mexwy 30Hol HesaBepmieHHoro pyooOpa30BaHHA M PYAHBIM MlaCTOM B pas- 
‘pesax HaOOJaloTCA iayKOHHTO-KBaplleBble MeCKH, MeCYaHHKM WIM aprHJin- 
TOMOMOOHEIC TIMHEI MomHOcTBIO po 40—65 mM. CojepskaHve MapraHiia B HUX 
HaxoyuTca Ha KJapKoBom ypoBHe (0,03—0,08). 

JIMH3OBHHbIe MpOCcIOH H KOHKpelMOHHbIe OOpas0BaHHA YaCTO TakxKe yCTa- 
| HABJIMBaIOTCA B NOAPYAHOH YacTH paspe30B Ha HeOObINUX PpacCTOAHUAX OT Wa- 
etos. Tak, Jia pala MecropoxyeHnit (Komuuckoe, MapcstcKoe x 1p.) B MOApya- 
“HBIX [JlayKOHHTO-KBaplleBbIX MeCYaHHKaX, OTHOCALLMXCA K KaMIaH — MaacT- 
PuXTy, HaOmoaetca oGoramjeHHe KapOoHaTOM MapraHila BBepX MO paspesy. 
'Buayase 3TO HeOoublIMe yYaCTKM IWeMeHTAa B eCYaHHKaX, 3aTCM MapraHIOBH- 
‘eTbIe fecdaHuKH — M, HaKOHel, Kora KOMMYeCTBO OOOMONHOTO MaTepHasa 
| pe3ko yMeHbulaetca, OOpasyetca pytHan sanexb. JIA pada Wpyrux MecTOpOx- 
enufi (MApgenpcKoe u lOpKuncKoe) MakpO- HM MHKPOCKONMYeCKHe KOHKpellMy 
VCTAHABJIMBaIOTCA B MOHTMOPHJIJIOHUTOBBIX aPFHJIJUTOMOMOOHBIX TyIMHaX, TAK2Ke 
ONCTHMaIOMMx pyLHbI maact. MouHocTH Mpoco0eB H JIMH3 HeBeIHKH, HO OHH 
Co3aroT MepexoHy!o 30HY K PyHbIM HaKOMVJIeCHHAM. 


faouuma 4 
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Bgepx mo paspesy, 10 
Mepe yaJieHHA OT MJa- 
CTa, JWI OTICJIbHBIX Me- 
cTopoxjeHnit (cM. puc. 1) 
MBI MOXKEM BbIeHTb 2— 
3 u Goulee 30HbI HesaBep-— 
ImeHHOrO pyooOpa3s0Ba- 
HUA, MpHypoueHHble 4a- 
CTO K HHTepBaviaM, B KO- 
TOPbIX (UKCHPYIOTCA T10- 


BbIIMeHHbIe CoslepykaHuA 
(B Bue JIHH3 WH TOHKHX 
TipocyioeB) o60MOuHOrO 


MaTepHaua. OTMeTHM, 4TO 
B MpgeapcKom u lOpKuu- 
CKOM  MeCTOpOXKeHHAX 
MaKpOCKOMMYeCKH = ycTa- 
HaBsIMBaloTca 3 HM GOouee 
30HbI He3aBePprmeHHOTo | 
pyqoo6pa30BaHHA, B TO 
BpeMA Kak B KoJIHHCKOM, 
MapcstcKoM HM m_pyrnux 
MeCTOPOKJCHHAX  TakHe 
30HbI BCTpeualoTCA efH- 
HHYHO WIM OTCYTCTBYIOT 
COBCceM. 

Hyke TIpHBeyeHb pe- 
3YJIbTATHI MOCJIOHHBIX aHa- 
JIH30B psa paspesos lO p- 
KuHcKoro (Ta6u. 1) u 
Komuuckoro (Ta6l. 2) 
MecTopoxyeHun. Ludper, 
CToMuHe CeBa OT aHa- | 
JIM3HpOBaHHOH TOpogpl, 
MOKAa3bIBalOT PacCTOAHHE | 
B MeTpax, BBepX H BHH3 | 
OT pyHOrO YropH3oHTa. 
Ta6a. 1 HaraagHO MJITO- 
CTpupyeT ouloKeHHe O 
HaJIMuHH B paspesax He- 
CKOJIbKUX 30H C TOBBILIeH- 
HbIM COjlepxKaHHeM Map- 
raHita, KOTOPble MOKHO 
OTHECTH K He3aBeplleHHO- 
My MH 9MOpHOHaIbHOMy 
Pyoo6pasopannto. Ilo 
ckBaxuHe Ne 25 na 42-M_ 
MeTpe BBIJeJIACTCA TOJIO- | 
Ca pYyAHO KOHWeHTpa- | 
I\HH, a Ha 58-M OTMeUalOT-- 
CA 30HbI CO 3HAYHTeJbHO 
MeHbIIMM Cojlep»xKaHHeM 
mMapranita (3,00 u 0,15%). 

paspe3e CKBaKHHbI 
Ne 173 Mexyy O6blmdHBIMH 
KJlAPKOBbIMH COjlepxKaHH- 
sMH, Tak Ke KaK HM B 
cxBaxkuHe Ne 25 wn apy- 


Ta6auna 2 


CxBaxkuHa Ne 526 Cxpaxkuua Ne 316 
Pacct. oT Conepx. | Paccr. or 
: pyaHOro Tlopoya Mav ih PyAHOro Tlopona Ooneeaes 
_ -TOpHS., M TOpHSs., M pe 
2 > 
» 33,5 Tuna onokopuyuaa 0,08 68,5 I'uua onoKopuqnan 0,08 
i 43 > > 0,16 60 » > 0,04 
49 > » 0,05 56 » » 0,03 
17,50 > » 0,08 54 » » 0,04 
42,50 > » 0,08 50 » > 0,02 
' 3.20) >» » 0,09 42,5 » » 0,03 
i 1,50 » » 0,65 88 » > 0,04 
h 0,50 » » 0,08 Ba » > 0,15 
; Pyya MaprauueBas Kap- 82,4 » > 0,04 
6oHaTuHaAa 20,05 28 » » 0,08 
\ —3,9 TlecuaHuk MeuKOsepHuc- 15 » » 0,03 
THI 0,03 3 > > 0,17 
\ 220 TlecuanukK mMesKosepHucTbiit 0,03 
2,00 Pyjia Mapraniepan Kap6o- 
| HaTHaa 18,94 
0,60 I]ecuaHHk MeIKO3ePpHHCTHIit 0,02 
5S 0,50 Pyya Mapraniespan Kap6o- 
A HaTHaA 19,70 
0 ['uwHa ONGKOBHAHAA C KOH- 
4 KPeWHAMU Py br 3,40 
—2,0 TlecuaHuk MemKOsSepHuUcTHIA 0,02 


% 

TMX H3y4eHHbIX HaMH paspe3sax, HaOJIOJalOTCA 30HbI CO 3HAYHTEIbHbIM Cofep2Ka- 
HMeM Maprauia. B ofHux CAy¥aAX MbI MMeeM JeVI0 C HE3ABEPLICHHLIM pyoo0paso- 
_ BaHvem (53 M), re BbICOKHe COslepxKaHHA MapraHia maaiwoT Ha KapOoHaTHbIe 
_ CTAKeHUA, B APyruX — C 9MOPHOHAIbHLIM pyfooOpasoBanuem (53 u 57 M OT 
» pyAHoro ropH30HTa), Mle B CIOXKeHHH MOPOLI MPHHUMaeT yuacTHe OOJIOMOUHDIii 
-MaTepWal B BHJe OTJebHbIX TpaBHIiHbIX 3ePeCH, Me@JIKHX HeMPaBMJIbHbIX JIMH3 
KBaplleBO-rayKOHUTOBOrO MecKa H Ap. Cpe ONOKOBMAHDIX PIMH WIM PIHHUCTHIX 
JMaTOMUTOB. Paspesbi cKBaxKUH NeNe 227 u 229 nokasbiBaloT CXOQHYIO KapTHHy. 

Jina Koauuckoro M HeKOTOpbIx fae teva a A 

JPyrux MecTopoxjeHHh, pacovara- 


hepa. Mn, % 
TOUHOe MapraHiUleH akOllJieHHe BbIpd- ee 
2KEHO MeHee OTUCTJIHBO. To 27Ke CaMOe 
" BBILIIE ObIIO moKa3saHo HU WHA Hes aBepiIweHHOro pyooOpasoBaHHst. Paspes3bi 
7 


| CKBAKHH NoNe 316 u 526, onpoOoBaHHble Ha OTHOCHTeJIbHO KOPOTKHX HHTepBa- 
s JlaNH JIMUIb He3HaUHTe/IbHOe MpeBbILeHHe K/1apKOB (B OTJ@/IbHbIX TOUKAX). 


* PesysbTaTbl 18 anasu3os, 


é Pani, 
_YOUHXCA B IOKHOM yYacTH MapraH- Teeke We aauerste 
: 6 “3 H necdaHu- |yyapromurTpl, 
_ WeHOCHOro SaypampeKoro Oacceiina, ita) Voorn 
_ bopmuposanue KOTOPHIX, MO HalliHM = 
| ZaHHBIM, MPOMCXOMO BOONE MPH- — Konuuectso anannsupo- | 
| OpexkHOi OOCTaHOBKe, YEM MECTOPOXK- — Bannnix peaatee 2% 73 

E 5 ° pemHee cogzepoKanne 
ae ceBepHoli uacTH OacceliHa Mn, % ; 0,028 0,077 
3 ~ pegzenbl KOMeOaHHA CcO- 
“rote apr u lOpxuuckoe), 3aua 10,001 —0,081 0,01—0, 12 


Heo6xozumo noyuepKHyTb, 4YTO OOpasoBaHHe KaxKOH M3 STHX 30H Tpouc- 
XOJMT Ha (oHe K/lapKOBbIX COJepxKaHH MapraHila B MOposax, T. e. MEX LY 9M- 
OpHOHAIbHBIMH, He3aBepUIeCHHBIMH HM COOCTBEHHO PYJHBIMH 30HaMHM BCcerja 
YULECTBYIOT HHTepBaJbI paspesoB, B KOTOPHIX, Kak ye OTMEYAIOCL, CoNepAAaHHe 
MapraHija ocTaeTcd Ha ypOBHe KJapKOB. ITO MOXKeT CBHAeTeJIbCTBOBATb 
06 yCHJIeHHOM IIpHBHoce MapraHila B ONpefeveHHble OTPe3KH BpeMeHH. 
IIpu usyyenun paspeson psa MecTopoxwkjenuit (Komnuckoro, MapcatcKoro, 
Tuyxapeucxoro, Exatepuxuuckoro, Mpyeipcxoro 4 lOpKkuuckoro) Hamu mpo- 
€JeHO ONpOOoBaHHe MOpoOs, BMeL[alONIMX, MOACTHNAIONLMX MH MOKPbIBAIOULMX 
YAHBIC MW1aCTbI, C WebIO BLINCHeEHHA OOILerO (oHa, Ha KOTOPOM MpoHCcxosMIO 
PMUpoBaHHe MecTopoxweHUA. Takyio paOoty, eCTecTBeHHO, OoJlee WeJleco- 
Pa3HO MpOBOAUT YYHTHIBAaA HaM4ve B paspesaxX 30H SMOPHOHAJIbHOTO HM He- 
aBepuleHHOro pysooOpasoBaHun. Takoii MOAXO NO3BO/MT Cy{MTb O oHe, Ha 
OTOPOM HM poucxo_uo pysooOpasoBaHne. 

Kak BuiHO u3 Ta6n. 3, HecMOTpA Ha pasOaBJAlolee jelicTBHe OpraHoreH- 
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HOro KpeMHe3eMa B J\HaTOMHTAX, TVIMAMCTHIX WHATOMHTAX, COJepxKaHHe MapraHita 
TIpeBbIlaeT CosepxKaHne TOrO Ke WieMeHTa B MeCKaxX MH MecyaHHKaXx. 

TakuM oOpa30M, qakTHYeCKH MaTepHaJl, MOSBOJIAIONIMH YYHTbIBaTb HU 
yCTPpaHATb BJIMAHHe 30H HesaBepleHHOrO pyOOOpasoBaHHA aeT, BOSMOXKHOCTH 


‘ Opxuncxoe 
mecmopoxd. 


UBbdenocKoe 
mecmopox. 


FramepuHuHcxoe 
mecmopow7, 


Ao380m 


[nyxapeHcroe 
mecmopoxd, 
Konuncxoe  Axdpuanobuyu 


} 23bed. nuHuA) 
patel: ae Mapcamcxoe 


mecmopoHxc™, 


KpacHonperuy, 
yvacmox 


meal = FEE]2 RRs 4h PAs 6 7 res 48 
Solo = 0 ees Pee 0 els E45 


Puc. 1. Cxema conmoctTaBleHua H3yueHHEIX paspesos. 1 — rpaBewHTbI H KOHTvIoMepatbi, 2 — 

mecku, 3}— necuanuKu, 4— cHepHToBble KOHKpeuHH, 5 — aJleBpONHTb, 6 — TMH! mecua- 

HHCTbIe, 7 — IVIHHbI, 8 — PVIHHbI apruduTomo_obuble, 9 — rIHHbl OMOKOBHAHEIE, 10 — quato- 

MHTbI, JJ — KapOoHaTHad MapraHueBad pyfa, 12 — xeesuble pyfbl (WIaMO3HT, CHepuT H Ap.) 

13 —pociiow WM JHMHSbI CHepuToBOH pyyb, 14 — nepeppiB B OTMOKeHHAX, 15 — Makpo- 
H MHKPOCKOMHYeCKHE CTAxKeHHA CocaTos 


NOWTBEPAUTb ycTaHoByieHHy!0 panee H.M. Crpaxospimc coTp. (7-4) 3aKoHomep- 


HOCTb O BOSPaCTaHHH KJIapKOBbIX CosepxKaHHi B Moposqax mo Mpoduuio Oe- 


per —'mope YO (popMupoBaHHH MeCTOpO*KeHHH, MapraHita Ha OObLYUHbIX KJlapKax. 
CueqopateibHo, BoctouHo-SaypasbckKHe MeCTOPOKTeCHHA He ABJIAIOTCH HCKJIIO- 
YeHHeEM M He OTWIMUAIOTCH NO 9THM aHHEIM or YcuucKoro u Unartypcxoro (",°). 
Teonoruuecknit HHCTHTYT Tloctynuio 
Akajemuu HaykK CCCP 30 I 1961 
IWMTHPOBAHHAS JIMTEPATYPA 
F1E. A. Cokoaosa, JAH, 185, Nes (1960). * H. M. Ctpaxo®8, Hil. bp ome 
cfk a’) mM p., O6pasopanue ocazKoB B COBpeMeHHEIX Bogoemax, May. AH CCCP, 1954. 
3H. M. Crpaxos, K. ® PonzuonosBa, 9. C. 3anmaunsou, K reoxHMHH Hep- 
TeHOCHBIX OTNOKeHHH B cOopH. K reoxHMHH H JHTOJIOTHH Masleos0HCKHX OCaOUHbIX MOpos, 
Tp. Wucr. reon. nayk AH CCCP, s. 155 (1955). 4 H. M. Crpaxos, San. Bcecowsu. 
MHH. OOm., B. 2, 4 (1957). 5H. M. Ctpaxos, Bisa. MOMM, Org. reon., 35 (3) 
(1960). ° JI. E. Irepen6epr, JAH, 135, Ne 5 (1960). 
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Wornane Akawkemun Hayr CCCP 
1961. Tom 138, Ne 5 


TIOYBOBEJIEHHE 


\. 


Ps 


B. M. ®PHJIAH] uC. H. AOJIFOB 


BJIH AHHE MHHEPAJIOPMYECKOrO COCTABA TO4UB 
HA HX BOJIHbIE CBOYCTBA 


} (ITpedcmaéaeno axademukom H. B. Tropunoim 10 IT 1961) 
: M3y4enuio BOXHBIX CBOLCTB MOUB TIOCBALLEHO 60/IbLIOe KO 
' ABTOPbl KOTOPbIX ycTaHaBJMBAIOT TeCHYIO CBA3b STHX CBOHCTB C MeXaHH¥UeCKHM 
pcocTaBoM M CTpyKTypoi mous (1-4), 3HauntTenbHO MeHee BbISACH€HA CBA3b Me- 
KY BOAHbIMM CBOMCTBAMH NOYB HX MHHepaJIOrHuecKHM COCTaBOM. 


CKMY TEM pacCMaTPHBaeMbIi BOMpoc uMeeT ‘GomBUIOe TeopeTHYecKoe UH 
tipakTwyeckoe sHayenue. 


_ Mayenne simauusa munepanoruueckoro cocrapa MOB Ha HX BOJHbIe CBOMCTBA 
MPOBOAMNOCE pH MCceqOBaHHU OOpasoB MouB 13 Tlemoxpatuyeckoi Pecny6- 
JiuKM Boernam: xKenTO-Kpacuoli NaTePHTHOH B/axKHOTpOMMYeCKOrO seca Cc rsy- 
‘OuHEI 18—29 cm (o6pasern B), KENTO-KpacHOli JaTepHTHOM, JerpasqupoBaHnHoli 
KYJIbTYpoH puca, c rmy6unbt 27—40 cm (o6pasen C), ropHoli rymycHo-satepur- 
HOU ¢ riyOunpt 27—40 cm (o6paser E) nu PHCOBOH aJWIOBHAIbHON KUCION m0- 
“4BBI C ruyOuHE! 25—30 em (o6paszen H). O6pasip Obl B3ATHI U3 NOAryMyco- 
“BbIX TOPHSOHTOB MOYBEI, B KOTOPEIX HH3KOe HM MAO pasmMUaIONeecs B CpaBHH- 
‘BaeMbIX OOpa3iax cosepxKaHue ryMyca He MOrJIO OKa3aTb BJIMAHHA Ha paccmat- 
PHBaemble CBOHCTBA, 

Uceneqopapmiuecs o6neKTh! Obl BbIOpaHbI H3 CepHu, BKIOUABUIeH 27 06- 
PasiloB, TakHM OOpa3som, uTObLI OHN MOMapHO Ob ONM3KH [pyr Apyry 0 
‘MexanuyecKomy cocraBy (T. e. 110 AMCHepCHOCTH COCTAaBJIAIONNMX HX YWaCTHI) 
HO SaMeTHO OTJIMYAaIHCh 10 MHHepanormyeckomy. 

Mexannuecknit cocras m noxcunTanHas Ha ero ocHoBaHHH yAeIbHaA r0- 
BePXHOCTh WSYYeHHEIX OOpasioB mpuBezeHbl B TaGz. 1. 


JIM4eCTBO paooT, 


>? 


E Tao. gars al 
k Mexanuyeckuli coctas, % * YreasHas T0- 
' O6pasen, BePXHOCTb S, 
{ ‘40,25 mm | 9,25—0,05 | 0,05—0,01 |9 010,005 um |0,005—0,001 mm! <0,001 wm aM?/r 
t ' MM MM 

B ajdpee 24,0 Alco: 3,9 eae 51,8 242 

a 0.2 23,4 | 415.0 41/4 7,8 42,8 204 

E 6,4 Zile2 EG) 19,4 1352 21,8 ATi 
= Her roe) PAS elf 7,8 10,2 20,8 105 


* B Bposzymuo-cyxoli napecke. 


Ilo BenmunHe yfeibHoit nopepXxXHOCTH u3sy4eHHHIe yeTEIpe OOpasia MOXKHO 
a3eIMTb Ha [Be lapbl — K TlepBoh OTHOCATCA OOpasuEt B xu C, ko Bropoli — 
pasubt H u E; coorpercrBeHHo B 3THX MOYBaX MOXKHO OTMETHTb H ONpesevieH- 

CXOACTBO MeXaHuyeCcKoro CocTaBa. 

Tepmorpacuyeckoe uccieqoBanHHe paccMaTpHBaeMbIX MO¥B (OOpasel B Ie- 
M, Oe3 BbIJeIeHHA PpaKUMU 1a) -ObIIO BLIMOTHEHO B JaOOpaTOpuN MMHepa- 
NOrwv MO4¥B Mo pykosoycTBom mpod. H. M. Fop6ynosa. Ilepsrie aBa cpaBHu- 
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BaeMBIX OOpasia (B u C) xapakrepH3yl0TCA roOcHOsCTBOM B IvIMHMCTOH dpak- 
WMH MHHepaJioB KaOJIMHHTOBOM pyMlbl, BLIABJIAIONLAXCA 9HAOTePMM4YECKHMH IIH- 
Kamu 565—580° u sksoTepMuyecKHMU MuKamMu 960—975° (puc. 1). DygZoTepmu- 
yeckue muKu 90 u 100° yatoT BO3MOXKHOCTL MpesNOJaraTh HaMuMe rasyasuta. 
CyuecTBeHHoe pasiMuHe HX MHHepasOrHyeckoro COCTaBa 3aKJOUAeTCA B MCHb- 
eM COJepxKaHHH MMHepaJIOB KaOMHUTOBON rpynnbl B OOpasue C, a ocobeHHO 
B HaJIMUHH 3aMeCTHBIX KOJIMYeCTB TeTHTa (SHAOTepMHYeCKHH NHK 335°) H HeKO- 
TOporo KOMMYeCTBA THApaprHuinTa (sHqOTepMuyecku NHK 275°) B oOpasue B. 
Bo BTopoll nape oOpa3ios (E u 

975° H) B cocTaBe TIMHMCTOH dpakiHu 
TakxKe lpeoOsalawT MMHepaJibl Kao- 
JMHUTOBOH Trpynnbl (9H,oTepMuue- 

8 ckwe nukH 500—560° u 9kK30TepMH- 
yeckve mHuku 915—950°), npHuem B 
oOpasue E cofepxkanve UX 3aMeTHO 
Goulbuie, YeM B OOpasiie H; 92HJO- 
TepMHYecKHe IHKH 75° jJlaioT BO3- 
MOXKHOCTh lpeflouaraTh HamMuHe 
ranmya3suta. Vmeetca B o60ux 06- 
pasiax HW TuApaprHuJuT, HO KouH4e- 
CTBO efo B OOpasile E 3HayuTeJIbHO 
Goubie, 4eM B OOpasne H. O6ora- 
Il€HHOCTh KBapllem oOpasia H Ha- 
IlJla, BEpOATHO, OTPaxkeHHe B 9HO- 
TepMuyeckoM mHKe 570°. Caenyer 
3aMeTHTb, UTO HalMuHe B HCCeLO- 
BaHHbIX OOpasiax reTHTa HW ruypap- 
THJWIHTa MOATBepsKaeTcA XHMHUe- 
CKMMH aHaJiu3aMy. 

OnpejesieHve BOJHBIX CBOHCTB HC- 
CJIELYeMBIX TMOYUB ObWIO NMpoBeeHoO 

Puc. 4 A.W. )Kurkopolt nox, pyKOBOCTBOM 
C. WU. Jlonroza. 

Turpockonmueckad BulaxKHOCTb (I. B.) OMpeeAuacb OOULENPpHHATHIM Be- 
COBbIM MeTOLOM; MaKCHMaJIbHad THTpOCcKOMMYHOCTA (M. T.)— mo mMeToxy Hu- 
KOwaeBa (Hal, HACbILLeHHbIM pacTBOpOM Ke2SOs); BaxKHOCTb 3aBAaHHA (B. 3.)— 
M€TOJOM IIpOpocTKOB (poOpocTKH AYMeHA); HAHMCHbIMAA BATOeEMKOCTh (H. B.)— 
B CTCKJIAHHBIX TpyOKax, HAOHTHIX HCCJeyeMOH MOYBOM, YBIaKHeEHHOM CBepXxy 
MW OCTaBJICHHOH JJIA CTeKaHHA M30bITKa BOA Ha 3 WHA. TlocneqHuH MeTO HE 
ABJIACTCA AOCOJIOTHO TOUHBIM, HO [JIA NOJLYYeCHHA CpaBHUTeIbHBIX BeJIHUHH 
BIOJIHE TIpHrojyeu. | 

Pe3yJIbTaTbl STHX OMpeleJIeHHH TIpHBeseHbI B TaO. 2. OHH MOKAa3bIBaIoT, 
4TO BOJHbIC CBOHCTBA HOB, OOaalolwlHX CXOJHbIM M€XaHHYeCKHM COCTaBOM, 
BECbMa Pa3,JIHUHbI B CBA3H C pa3sIHYHeM B UX MHHepaJIOrNyecKOM COCTAaBe. ITH pa3- 
JIM4MA OTYCTIMBO BHHbI Kak MO aOcOJIOTHBIM BeJIMYHHAaM BOJHbIX CBOHCTB, 
Tak WM 10 BeAHYMHAM HX OTHOWeCHHA K YJeJIbHOH MOBeEpXHOCTH MOUBBI. 

BecpMa cyulecTBeH (akT, YTO pa3IHUHA BOLHEIX CBOHCTB MOYB CO CXOLHBIM 
M€XaHUYeCKUM COCTABOM HavOoJIee Pe3KO BbIPaXKeHbI Y KOHCTAHT HH3KOM BUaK- 
HOCTH T1OUB, HM C YBeJIMYeHHeM BJaKHOCTH MIOUB pa3sJIHUHA 3HAUeHH UX BOL- 
HbIX KOHCTaHT yMeHbulaioTca. HanOouee pe3ko pa3iHuuA OOHapyKUBaIOTCA 
y THIpocKONHYeCKOH BaxKHOCTH; pa3HHIla MeKLY BeNMYMHAMH MaKCHMaJIbHOM 
THPpOCKONHYHOCTH HeCKOJIbKO MeHbIlle, elle MeHbINe pa3sIM4uA Me@KIy BeJH- 
4WHHAMM BJlaKHOCTH 3aBAaHHA, WM HAMMCHbUIee 3HAYeHHe MMeIOT pasMdHA 
M@XKTY BeIMYHHAaMH HaHMeHbINeH BsarOeMOcTH. 

Oco6eHHO YeTKO 3TH H3MCHCHHA Pa3HUIbl BEIMYHH BOLHBIX KOHCTAHT NOUB 
BHAHbI 10 AaHHbIM TaOwI. 3, Te aha pa3HHla Mex)ly BeNHUHHAaMH BOJHBIX 
KOHCTaHT [ByX lap MOuB C OJIM3KHM MeXaHH4eCKHM COcTaBOM (B IpoleHtax 
OT MeHbINel H3 JByX CpaBHHBaeMbIX BeHUHH). 
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00° 275°335° 


Ta6auna 2 


Bogubie cpolicrna, %* CBa3b BOJHbIX a © yyebHOH NOBepx- 
; Bee OCTbIO 
g r.B. M.T ens H.B r. B/S M. 7./S B. 3./S H. B/S 
, 
‘ B 2,29 126) Done 30,9 0,009 0,052 0,097 0,128 
» Cc 4,60 8,9 18,9 PAY 0,008 0,044 0,094 OmMst 
: E B20 8,9 Sail fl al 0,028 0,072 Onn7 0,265 
! H 1,29 6,6 a7 0) S0Re 0,042 0,064 0,114 0,280 
4 
{ 
_ * Or BosqymHo-cyxol HaBecku 
f 
i 
' Ta6auna 3 
Le cae Tos. | M. r B. 3 H. 3 F..s/S |. MSe/S-| B. 37S | 8. aS 
Buc 43 | 44 23 13 1244 48 3 2 
-. bad 160 29 14 3 133 18 5) —d 
re 


I]pwauHa pa3IH4HA BOJHbIX CBOHCTB MOB C OM3KHM Me€XaHHuecKUM COCTa- 
‘BOM 3aKJ104aeTCA, 1O HAaLIeEMy MHCHHIO, B pasJIMYHH HX MHHepaJOruyecKOro Co- 
cTaBa. ITO NpesNoso*wKenve WOKAa3biIBaeTCA TEM (PaKTOM, YTO pacCCMaTPHBaeMbIe 
|PasJIM4HA YMCHbULaIOTCH OT KOHCTAHT MeHbUIel BayKHOCTH, OMpeleJAeMBIX B 
‘OCHOBHOM IIOBEPpXHOCTHbIMH (ajCOpOMMOHHBIMH) ABJICHHAMM, K KOHCTaHTaM 
| OOJIbUIeH BaKHOCTH, BeIMYMHAa KOTOPbIX TIPpeHMYULCCTBEHHO CBA3AHa CO CTpyK- 
TYPHbIM COCTOAHHeM MOUBEI, C BeMYHHOM HM SopMOl MOpoBHIX MpocTpaHcrTs. 
_ Takum o6pa30m, yBemuueHve cosep%KaHuA MHHEpaJOB MOMYTOPHbIX OKHCJIOB 
B COCTaBe NIO4UB MpH MOCTOAHHOM Me€XaHHYeCKOM COCTaBe MOCJICHUX MpPHBOLUT 
-K CylleCTBeHHOMY yBeJIM4eHHIO acopOMMOHHON CMocoOHOCTH STHX NOYB (rurpo- 
‘CKOMNMUHOCTh, MAKCHMasIbHad YTHIpOCKOMMYHOCTb, BJaKHOCTb 3aBAaHHA). 
‘BecbMa BaxKHbIM CJIENCTBHEM 3TOTO ABJIACTCA YMEHDILCHHe Iualma30Ha AaKTHBHOU 
‘Bard B TpOMM4YeCKHX MOUBaX, OoraTbIX MHHepalaMH MOJIYTOPHbIX OKHCJIOB. 
OtoT akT npesctapaser ocHoBy AIA pa3spa6oTKH arpoTexXHHyYeCKUX IIpHeMOB 
/TpomMyeckoro 3emuseqelus. 


Tlousenunii uncrutyt um. B. B. Jloxyyaesal Tloctynugo 
Akajemuu HayK CCCP 7 II 1961 
UMTHPOBAHHAA JIMTEPATYPA 
1A. ® Jle6enes, Tlousennpe us rpyxtospie Boge, Waa, AH CCCP, 1936. 
WY. Coxouos, T[lpo6memst coserckoro nouwosezenus, CoopuH. 7, M.— JI., 1939. 


: A. Poe, Mousenuaa paara, Haq. AH CCCP, 1954. 4K. H. IWlumxkos, Coobute- 


Vucrt. meca AH CCCP, s. 1, 1953. 
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j Tornagn Akanzemun Hayr CCCP 
1961. Tom 138, Ne 5 


OKEAHOJIOrH A 
cra a Ur ad EE 


r. M. BEJIAEB u H. Pr. BHHOrPAJIOBA 


KOJIM4ECTBEHHOE PACHPEEJIEHHE AOHHOHW ®AYHbI 
B CEBEPHOM NOJIOBHHE MHAMMCKoro OKEAHA 
(Tpedcmaeaeno axademuxom H. M. Cmpaxoeoim 16 II 1961 ) 


J{o HefaBHero BpemeHu KovIMUeCTBeEHHOe PactipeteneHve JOHHOM cbayubt 
‘B OTKPBITBIX OKeaHaX OCTaBaOCh MOYTH Heu3yyeHHnM. JIMMIE B mocs1eqHHue 
Tob, Ollarojapa paOotam paya oreyectBennpix SKCHEAMUMH, COCTaBeH psi] 
KapT KOmMYeCTBeEHHOTO pacipeyeieHua oKeaHHM4ecKoro OeHTOca Ha OOWMpHbIX 
aKkBaTOpuax Tuxoro H 1OxKHO! “actu Muyuticxoro okeaHos u HameueHpt 3aKOHO- 
MePHOCTH, KOTOPBIM MOYHHeEHO 9TO PacnpeyeneHne (7,4, 6-13) 15, 18) “Or 
HaKO M10 KOJIMYCCTBEHHOMY pacripejeieHuio GeHToca B ceBepHoH momoBuHe Vn- 
AMHCKOrO HB ATaHTH4YecKoM oKeaHe 0 cHx NOP ObIIM MOJIYYeHBI JIM OTPLI- 
BOUHBIe Janupie (§,14,17), 

OTHOUICHHH TponmMyecKHxX palioHop Vuguiickoro oKeaHa 9TOT mpo6ew 
B 3HAYHTeIbHOW CTeNeHH yaOCb 3anOuHUTb BO Bpema 3l-ro peiica «Buta3ay. 
B nepwoxc oxrs6ps 1959 no anpeab 1960 rr. 8 Cepepxoit nonoBune Uuguiicxoro 
okeaHa Ha 96 cranyHax (puc. 1) 6p NOJYYeHb! KOJIMYeCTBEHHbIe HOuepma- 
T€IbHbIC MPOOL! c rviy6uH oT 30 yo 6840 m. Hau6onpinee YHCIO Mpo6 mowyyeHo 
B OTKPBITOM OKeaHe C rwIyOHH OKeaHMYeCKOrO JOKa (20 —c ray6un menee 
1000 m, 20 — or 1000 yo 3000 m u 56 — riyOxe 3000 m). 

Bce mpo6bt nowyyenbi AHOYepMateem «OkeaH-50» naonjaypio 0,25 m?, 
O6pa6orKa mpo6 nposegzena m0 MeTOJUKe, IpHHATOH B Muctutyte oxeanonorun 
AH CCCP (4). Buomacca 6entoca paccuHTaHa 0 CIHPTOBOMY BeCYy 2KHBOTHBIX. 

Tlonyyenupie Matepuanp (c yaetom HecKOMbKUX CTaHIMH SKCNeqMIMH Ha 

«O6u» 1957 r. (°)) nosBomuaM cocTaBHTD KapTy KOJIM4¥eCTBeHHOrO pacnpeseneHusn 
GexToca B ceBepHoH monoBuHe Mupuiicxoro oKeana (puc. 1). 
_  Han6ouee BicoKo Onomaccoli GeuToca (Gonee 1 r/m?) xapaxtepusyiotca 
MpHOpexHble palioHbI BCeX MaTepuKOB u OCTPOBOB, OKaHMJIAIOULHX CeBepHyi0 
Hosopuny Muyuiickoro oKeana (puc. 1 u taba. 1). OqHako Hu Ha OfHOn 13 
CTaHHH OMoMacca OeHTOCAa He JOCTUTaeT NOKa3aTevleli MOpALKa COTeH rpaMMoB 
Ha | M*  Ooulee, cTomb XapaKkTepHBIX JIA MOPCKHX H OKeaHHyeCKHX NOGepexuii 
B yMepeHHoH 30He. 13 36 npuOpexupix cranumii mb Ha OLHOI Ouomacca bex- 
ToCa OKa3alacb paBHon 72 r/M? (Ha rayOuHe 95 M y 1oxKHOrO mo6epexbs o. Leii- 
JIOH), a Ha OCTabHBIX He mpeBbuuata 16 r/M?. 

Kak BuyqHo u3 Ta6x. 1, B TpomuyecKoii uactu UuguiicKoro OKeaHa, KaK H 
B Apyrux pationax Muposoro oxeaHa, 6uomacca GenToca yMeHbIaeTcs 110 Mepe 
YBCIMYCHHA TIYOHHEI. Onnako BOIM3M MOOepexKuit cpaBHUTenbHO OGHIDHbITi 
CHOC MHTATeJIBHBIX BeIeCTB B rIyOMHbI C OeperoB uM MpHOpExKHEIX MeKOBOLUIi 
MepeKPbIBaeT M0 CBOeMY 3HaYeHHIO BUIMAHHe YBeMYCHHA TIYOHHEI 3a TIpexenamu 
BepXHeH ThIcauH Metpos. Ha Bcex ray6uHax Gosee 1000 m Guomacca 6eHTOCA 
B IipHOpexKHOH 30He BbIPaxaercs BeMYHHAMH OMHOFO H TOTO xe nopayzka. Bonn- 
3H OeperoB CpeqHasd Ouomacca GeHToCa B ropusouTe 1000—3000 m oxasasacb, 10 
HalllMM NaHHBbIM, Jla2Ke HeCKOJIbKO MeHbUe, 4YeM Ha OOn_UIMX rayOunax. Ha oc- 
HOBaHHM MMeloNlerocA MaTepHala TPyAHO CKa3aTb, ABAAeTCH WH 9TO OTIMUME 
Braaiitine 3aBMCALLHM OT MECTONOJIOMKECHHA OTICIbHbIX CTAHWMH, UH OObsAC- 
HeHHe ero CyleyeT MCKaTb B MeHee ONAaONPHATHBIX YCNOBHAX JIA 3alepxKKH 
H#aKONJCHHA MMTATeJIbHbIX BeleCTB Ha rviyOHHaX CKJIOHa, 4eM Ha OOsbIINX TIIy- 
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‘ 
Ta6auua ft 


Vismenenne Guomacchl GenxToca B 3aBHCHMOCTH OT riy6HHbI B TponMueckol yacTH 
VMuyulickoro okeaHa 


IlpHOpexubie pationn (70 100 Musab oT OrkpbitTblli okeaH (6onee 100 Munb oT 
6epera) 6eperos) 


IayOuna, M 


Owomacca OenToca, T/M? |qucwIO cTaHuuH| Onomacca GenToca, r/mM? | yucno craHunti* 

32— 200 | 13,38 (0,46—72,00) 7 ce = 
200-—— 500 6,66 (0,99—16 ,00) 4 — = 
500—1000 3,80 (0,42— 8,43) 6 —_— — 
1000—3000 1,76 (0,13— 7,44) 10 0,99 (0,100—2, 44) i) 
3000—4000 2,75 (0,07—41,36) 5 0,50 (0,015—2,02) 22 
4000—5000 2,60 (0,09— 6,83) 4 C,25 (0,002—1 ,47) 24 
5000—7000 -- _ 9,14 (0,008—0, 61) 6 


* Yurenbl 5 rlyOOKOBOAHBIX CTaHWHii 9kcHeAUNMH Ha «O6u> (8). 


OuHaX C Oov/lee CHOKOHHEIM pesbedom AHa. B npoTHBonos0xHOcTh mpuOpexHoii 
30HE B TvIyYOOKOBOJHBIX yaJICHHbIX OT OeperoB palioHax OKeaHa 3aBHCHMOCTB 
OuomaccH OeHTOCAa OT rTYOHHEI BbIPaxKeHa JOCTATOUHO 4eTKO, 


Puc. 1. Pacnpegenenue 6uomaccnt GenToca (B rpamMax Ha 1 Mm?) B ceBepHoii no- 
JopuHe Muquickoro oKeaHa. a 4 6 — crannun «Butasay (a) u «O6u» (6), Ha Ko- 
TOPEIX ObNIH MOMYYeHEI KOMMYECTBEHHbIe AHOUepIATeIbHLIE TIpOOb! | 


CuelyeT ynoMsaHyTb o TpexX 1po0ax, MOJYYeHHBIX B MeJIKOBOJHDIX paiioHax 
OTKPBITOrO OKeaHa Ha ratyOnHax oT 45 70 300 M— B patione MasibauBcKux OcTpo- 
BOB H Ha Oauke Hasaper (k Boctoky oT CepepHoro Mayarackapa mpuMepHo }, 
Ha 60° 8B. 1.) *. Buomacca 6eHToca Kome6alach Ha 3TuX cTanunax oT | yop 
6 r/M*, 4TO He BIXomUT 3a lpeyeJbl KONeOaHu Ovomacch Ha IIpHOpe@xKHBIX Me@JI- | 
KOBOABAX TpolMyeckux mopeH. B TakuxX MeJIKOBOJHBIX paiioHax OTKPpHITOrO |. 


| 
| 


ie 


* ‘ 
OTH J\aHHbIe He BKIOUCHEI B TAGs. 1, TaK Kak €(HHHUHBIe CTaHIHM He MOryT JlaTb WOCTa- | 
TOYHO MPCACTABMTeIbHBIX (OCpeAHEHHEIX) MOKaszaTeJeli 


1192 


. 


ae OCHOBHbIM HCTOUHHKOM MHTaHHuA 


BO3SMOXKHOCTh CO3,aHHA 
_MJIaHKTOH. 


B cBa3H ¢ yxKe OTMeYaBLIUMCA PaHee KOJIMYECTBEHHBIM OGeTHeEHHeM OKeaHHYe- 
CKOH NOHHOW (bayHEl B Tponuueckor obnactH 110 CpaBHeHHIO C yMepeHHBIMH Hi 
NOJIAPHBIMH OONactamu (1,!°) TP€ACTAaBIAeT MHTepec ConocTaBJeHHe JaHHBIX, 
MOWYYCHHBIX AIX TponMyecKo oOnactu VuguiicKoro OKeaHa, C JlaHHbIMU 110 
APyruM pakoHam. Takoe conoctapmenne oKazanoch BO3MOXKHBIM ITPOBECTH C Ce- 


Bepo-3alaqHou YacTbio Bepnurosa MOPH, MIA KOTOPOH paHee ObIIM nomyYeHI 
AOCTATOYHO TOMpooupie yaH- = - 


Hple (*). Ha puc. 2 sugquo, uto 7000 


AOHHBIX 2XHBOTHBIX, OOeCHeYHBAIONIHM 
CPpaBHHTeJIbHO BbICOKOIi OHOMACCHI, JOJDKeH OBITE 


‘XapakTep 3aBucumoctTu G6uo- e/n? 
MaCCbI OT PAyOHHEI B upH- 700 
OpexkHO 30He OGeux cpaB- 


HUBACMBIX aKBaTOPHH upes- 
BbIyaHHO cxofeH. Oguako 
KpuBax, XapakTepu3yriouran 
‘Ovomaccy GeHToca B TpomH- 
YecKoH OOmacTu MuguiicKoro 
OKkeaHa, MpoxoyuT 3Haun- 
TeJIbHO HWKe, 4eM KpuBas y 
qa Bepwuropa mops. Ha Rapid ats hie ile 
PayOunax Oouee 500 m Ono- ; OS 

Macca OeHToca B Muguiickom Puc. 2. Usmenenue Oviomaccpl 6eHTOCa B 3aBHCHMOCTH OT 
oKeaHe mpuMepuo B 10 pas, a ratyOuupl. 1 — Bp 100-mveibnol mpuOpexnoii 30He ceBepo- 


: 3alaqHol uactH Bepuuropa mops, 2 — p Gouee yauleH- 
‘Ha riyOuHax MeHee 500 mM — HBIX OT OeperoB paiioHax 3anaHoi nomOBHHBI Bepuurosa 
B 20—30 pa3 MeHbIIe, 4ueM ops, 3 — B 100-mustbHoli IpHOpexHoit 30ne TponHyeckolt 
4a COOTBETCTBYIONIMX TyOu- YactH Wuguiickoro oKeana, 4— Bp 6omee YMaJICHHbIX OT 


4ax Bepuurosa MOP. Tlo- 6eperos De SSO UEP RAHI) MPONENCH CCH 4YaCTH 
qOOHBIe %e pasmMunA Ha6- 

MOWaloTCA WH Mexy OHomac- 

*OH B yJasIeHHBIX OT OeperoB ri1yOOKOBO,HBIX palionax CPpaBHMBaeMbIX aKBaTO- 
0M, HO MajeHwve Ouomacchl c riyOunonk B Muyuiickom oxeane MpOUCXOAUT 
H€CKOJIBKO ObicTpee, uem B Bepuurosom ope. B mesom B TpONMyecKOH OG6a- 
‘TH Mugulickoro okeaHa yMeHbUleHHe OuoMaccHI Ha BCeM WMamasoue riyOuH 
IpoHCxoguT Somee paBHoMepHo, 4em B Bepnurosom nope. 

_ Tlomyseuupie panee cpeyenua o Ouomacce GeuToca B MIpHOpexkKHok 30He 
IpyrHX paHoHoB TpomuyecKol OOacTH KpaliHe MaJIOUNCeHHbI HM OCHOBAHBI HA 
T€SHa4HTeJIbHOM 4uCIe pod. Tem He MeHee ComocTaBseHue UX C HalwMMH jlaH- 
DIMM MOKa3bIBaeT, YTO Te WM pyre upesBplualino Ouu3Ku. Ha ray6une or 
(000 no 3000 m cpeaHaa Ovomacca GeHToca coctaspaser: B Tuxom oKeane y m10- 
epexut Hopot I'punen 1,53 r/m? (1°), B aByx pawoHax y aTmaHTHYeCKHX I0- 
iepexkul Tponmyecko Adpuxu 1,25 u 2,70 r/m? (27), a B uccmeqoBaHHBIx lIpu- 
IPEKHBIX paiioHax Muyutickoro oKeaua 1,76 r/M?. 

Kpome mpw6pexupix palioHop HaOoulee BEICOKOi OuoMmaccoit GeHTOCa B ce- 
‘€pHo Mososune Muguitckoro okeaHa xapaKrepusyetca I€HTPalbHad WacTh 
‘Apapulicxoro mops. Ha ray6unax Oouee 3500 m u Ha 3HauNTeRBHOM yWaeHun 
‘Tf OeperoB Ouomacca GenToca cocTaBseT 3yecb 1—2 r/m?, uto BHosmHe cono- 
‘TaBUMo C MOKa3aTeAMU OMOMACCHI B ryOOKOBOJHBIX palioHax Mopeii ymepex- 
“Olt 30HBI (?,°). Wurepeco, 4ro u maaHKton ApasuiicKoro MOpsA XapakTepH- 
\YeTCH SHaYHTeJIbHIM OOMJIMEM, IIpH4eM HE TOJIbKO B MOBeEPXHOCTHBIX CJIOAX, HO 
| Ha ratyOuHax nopayKa 500—1000  (°). He uckmoueno, yTo cymectBeHHEIM 
(CTOYHHKOM MMULeBBIX PeCypcoB JIA MOHHOH dayHtr ApaBuiicKoro Mops mo- 
i CAYHKUTb MIAHKTOH OXMAKCHHIX PIYOMHHBIX BOA, MOCKOMbKY OH Mocwe 


S 


b6uomacca —s~ 


TMUpaHMA He OMKEH NOMBepraTbCA CTOMb ObICTpOMy  pa3u0xKeHHIO 
K B CHJIbHO MpOrpeTbiX MOBePpXHOCTHBIX CJIOAX. 

_HanGouee Hu3KuMM MOKagaTenAMM GOHoMaccEI GeHTOca XapakTepu3yerca 
(OuMpHEIi rryGoKOBO_HBI paiioH c rayOuHamu ot 4000 20 6000 M, 3aHHMalo- 
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ULMii OOJbIYIO YACTb BOCTOYUHOM NOJOBUNDI OOceLOBAHHOH «Butsisem» aKBaTO- 
puu. Jimmi Ha ONO CTAHUMH 9TOPO paloHna, pacnoNoO*KeHHOH Ha 30° 10, W.,T. @ 
yxke BHe TponuyecKkoli SOHbI, OnomMacca Opiia 0,2 r/M’, Dra BeIMYHHAa XOPOLIO 
coracyeTcs C JJAHHbIMH, NOJYYCHHbIMH Pahee JWI ele OOee 1OXKAIX WAPOT 
gToli uactn oKeana (*). Ha sBeex ocTaJibHblX CTAaHIMAX 9TOrO pahona Onomacca 
He mpespiiaer 0,06 r/m? (B cpeynem 0,036 r/M*), a B ero LeHTpaspHOK yacTH 
oHa ele Govlee HUSKAA. Ilo Kpatinel KONMUeCTBEHHOH OeHOCcTH OeHTOCa TOT 
palioH OYeHb CxXOeH C yaleHHOl OT OeperoB riyOoKOBOHON WeHTpadbHor 
yacTblo THXOrO OKeaHa, TaKHKe pacnoorxRKenHoOK B TpomMueckol sone (1°,1%), 

Ha G6oupueli uacTH 3analHol MOJIOBMHbI OKeaHa KOJIMYeCTBEHHOe OOMINe 
JOHHOli (PayHbI SHAYNTEbHO BILE, YM B BOCTOUHOH nNovOBNHe. buomacca OeH- 
TOCA OObIMHO BbIPAKaAeTCA 3CCb HECKOJIBKHMM JlCCATHIMH JLOJIAMM TpaMMa Ha 
1 m®. Cneqyer OTMeTHTb, YTO MWIAHKTOH B 3anayHOH YaCTH OOCIeOBAHHOl aK~ 
BATOPHU Tak*Ke KO/IMYeCTBEHHO Gorayue, ¥eM B BOCTOUHON (°), OveHb HU3KaA OnO- 
Macca OeHTOCAa OKABaaCh B BANaHOH NOJOBHHE OKeaHa JIMWb B BYX CpaBHH- 
TeJIbHO HeOobuUx palionax. B 1ro-3sanaynoh uactu MackapencKol rily6oKo- | 
BOJHOH KOTJIOBUHbI Cc rryOuHamu nopaAKa 4500 mM Onomacca He TpeBbliiiaeT 
0,09 r/m? (B cpexnem 0,054 r/m?). B ceBepHot M BOCTOUHOK YaCTAX STOH KOTJIO= 
BUHbI, 10 HanpaBsennio K CeliesbCKHM OCTpoBaM M K Oanke Hasapert, Ono- | 
Macca Ha CxXOHbIX ryOuHax Bospactaet Zo 0,3—0,5 r/mM*. Bropoi pation, rae 
Ouomacca Ha ryry6uHax 38000—4000 m He npespiunaet 0,1 r/M*, pacnowoxKeH 
HerOCpeJICTBeEHHO K CeBepy OT 9KBATOPA, Mey 55 u 70° B. J. 

OcHOBHas POJlb B OnOMacce AONHOH chaynb! MujulicKoro OKeaHa MpubaVie- 
KUT TOIMXeTaM, 8HAYCHHE KOTOPbIX OCOOHeHHO BOspacTaeT Ha OO/IbUIMX Pay- 
OnHax (40—50% o6ureli Guomacchl). Ha MeJIKOBOAbAX MOUTH TAKYIO Xe POJb, 
Kak TlowMxXeTbl (25%), urpaioT B Ouomacce GenToca pakooOpasupie (21%), B nep- | 
Bylo ovepelb Decapoda u Amphipoda. Ha 6oupumx ray6unax powb pakoo6- | 
pasHbix yMenputaetes (LO—15% oOmpeti Guomacenl), a rpeoOsaaionee 3HaueHne 
Cpe HHX HMEIOT pescTaBuTeH OTpANOB Tanaidacea nu Isopoda. 3 ocrajpupix 
rpynt GecnO3BOHOUHbIX Ha MeJIKOBOJbe CYNLCCTBEHHYIO POJlb TO Onomacce ur- 
paioT PryOKH, KHIWeYHONOJIOCTHbIE H MUIAHKM (OMoMacca KaKNOH 3 STUX Tpynn 
coctaBuiseT 10-15% or o6mei). Ha 6onpmux riy6unax pob ry6oK yMeHb- 
iaeTes (7%), A POJb KMMeYHONONOCTHBIX HM MUIAHOK O4eHb Mavia, SHavenne | 
MOJIJHOCKOB, B OCHOBHOM jIBYCTBOpYaTHIX, Ha BCeX YrwiyOHHaxX HeBeIMKO 
(4—9% o6ureit Ouomacepl). Uro KacaeTcA MrNOKOXKUX, TO JHOYepMaTe/bHbIe 
COOpbI He JaloT MpaBNIbHOrO peycTaBueHuA OO sTok rpynne. Cyaa 2%*e TO 
TPaJIOBbIM JIOBaAM, OHH HFpalOT CYUIECTBEHHYIO pOwJIb Ha BCeX rviyOuHax, 


Mucerntyt okeanonorun Tocrynnio 
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rHCTOJIOFHA 


A. MW. BPAYJIE uf. B. BAACBEPP 


CTUMYJISUASA MAKPOMAPAJIbHOM CUCTEMbI BAKTEPHAJIbHbIMH 
MOJIUCAXAPHJIAMU ; 


({1pedcmaeaeno axademuxom tH. H. Anuuxoootm 18 I 1961) 


B npespiyueh nyOnnKauun (') uamu Optio NOKA3ANO, YTO PeTHKYJOIHO- 
—TeiMabHaA cuctema (PSC) npunumaer necomuennoe yuacTue B peausallun 
- OvouorMuecKoro jeticraun OakTepnadbHbIxX NowMcaxapuHpoB (MMONOsIUCaXa- 
_ pxyjos). Ux Beesenue HOMOULITHOMY IKABOTHOMY COMPOBOAMACTCA BbIPAxKeCHHbIM 
— yeuJieHnem (parowuTapnok akruBnoctu sviemMeuror POC, WB YacTHOCTH Kyndpe- 
- posckux KeToK neuenw, Ananornunaa touKka SPCHMA BbiICKasaHa B JIMTepaType 
 B ocsepnne roppr (4 *), IpH4eM aBToppi COOTBCTCTBYIONLUX HCCICLOBAHHH Orpa- 
_HK4HIMCh KOUCTaTAalNeh yKasannoro (paKra, 

Mexjly tem ectectsenvo BosnuKaer BONPOC, HC MOKET JIM AKTHBUBALLHA (pa- 
FOUNTApHOK akTuBHocTA PIC nos Bunanuem OakTepHabHbLIX NOJMCaxapujoB 
CKasATLCA Wa TeUeHMM TeX HATONOPMUeCKHX TpoUeccos, pH KOTOPbIX BaxKHaA 
POlb MpwnaliexwKUT mpoueccam cbarountosa, Tloso6uan nocranopKa Borpoca 

MPCACTABAACTCA CyukeCTBEHHON, Tak Kak B CJIYYAe NONOMUTEMbHOrO OTBETA pac- 
MUAPAWTCA BOSMOXHOCTH XWUMHOTCPAeBTHYCCKUX BOS/ICHCTBUH, 

B WACTOALLECM UCCVICJIOBAHUU SABC LOMO u30pana CP aBHUTeJIbHO MWpocTay MO- 

Neb MeCTHOrO BOCTIAINTeLHOrO MPOUCCCd, BbISBAHHOrO BBEJeEHUeM BeIULeCTB, 
| OKASbIBAIOMIMX HeEKpotusupyloulce jelicraue ua tKaun. Kak USBECTHO, J\WIs HC- 

KOMa TAkKOrO Mpouecca BaKHOeC SHAYCHHE HMeeT OpicT porta PacCaCbIBaAHHA He- 

KPOTMMCCKHX MACC Tip y4acTun Makpodaron, OcHoBbIBanch Ha panee novlyueH- 
HbIX annbIx (1), Mbl MOP OKUATH, YTO BBELeEHe OakTepHa/IbUbIX NOJIMCa- 

XAPUNOB, CTAMYJMPYA AKTHBHOCTR MaKpodara/bHblx 9/eCMeHTOR, pUBeLeT 
-K Oosee ObleTpomy yjlanenuio u3 OUara NOPAKCHHA OCTATKOB NOrvOwiux TKAHeH, 
| Metonuka, Oxenepumenrn nocrapiens va 235 Genwix moiuax BeCOM 
BI6—18 r, Jaa Byisbipanua o4ara pocnasennn B NaXOBYIO OO/ACTh NOLKOAKHO 
ae no 0,2 ma 0,25% pacrpopa asornoKucsoro cepeOpa. 3a 24 yaca jlo 
MHPCKUAK WK Yepes 4; 24 un 72 vaca Nocne ¥tOro OHOKpPaTHO BHYTpHOpio- 

HHHO BBOAMAK 0 400 y nonncaxapusa ua Acetobacter xylinum — unnna 
‘1K60 aumosana (cepnn 34 y 35) *. KOHNTPOJbHbIM MbILIaM BBO/LMJIM TOXKMLCCTBEH - 
‘Hb OObemM dusnonorH4ecKoro pacrBopa. Mpuuei sa6uBain na pOTAKeHHK 
Heppnix 10 pHeh onpita, TKanM Mecta uNDeKUMH (puxcupopasn 10 Makcnmopy 
(AA nocnenyiomeh oKpacKn remMaTOKCHJIMH-303KHOM MIM agaHoM To Peipen- 
Fahny) wan no Wa6anamy (npn nocranopKe IIAC-peaxunu). B onprrax na 30 mpr- 
Bax ONPENENANK NO panee onvcannomy metosy (') HHTeHCHBHOCTD darouMtTosa 
y “HTaKTHEIX MbIUeH, a TaKKe rocyIe BBCCHKUA OMMOFO H3 HaSBaHHbIxX NowHCas 
apHAoB KAM Gusnosorn4ecKoro pactuopa. 

Pesyabtatu. TMockonpky tevenne acentuuecKoro pocnaeHHA, BbI- 
BAHHOTO PasHOOOPasHbiIMU pasjpaKUTEAMU, XOPOWIO M3y4eHO, TO WIA Kpat- 
OCTH Mbl OFPAaHHYHMCA WS/JOKCHHEM OCHOBHLIX NOJYGCHHIX JLAHHbIX. 

Brenenne 6ervim mouuam asoTHOKHC/OrO cepeOpa B YKa3aHHOH J103€ BpIsbl- 
410 CPaBHUTEALHO OONbIWOK OUar HEKpOsa C OTMOMREeHKeM B ero Npesesax uep- 
Oro OCafka kOaryAnpowanHEx cepe6pom tKaneh. Ilpu atom npoTaxennocT 
KPO3a BCEra NpeBbIaa ZOHY PacnO/OMKeHWA YKAasaHHOFO OCasKa. 

y KOHTPOALHbIX MbILUeH B OONACTH WHDCKILMMA MAKPOCKONMYeCKK UM MaJbia- 
PHO OTME4AACA NAOTHLIA TeMHbIK C HOBepxHocTH undusALTpaT. Ha 4—6 pHu 


* [pommenoh nonvcaxapun, nonyvennuh p Vunctntyte snupemvonorun MW MuKpoOvono- 
4 Munnetepetea afpanooxpanenua PCCP, 
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fipaMepRO y 2/; KOHTPOJIbHBIX 2KHBOTHDIX Hall HAPUALTpaTOM HacTymaJIO OTTOp- 
*KeHHe “WaCTH HEKPOTH3HpOBaHHOrO sTMsepMuca u Jepmpl. Muxpockonuyecku 
uepe3 24 uaca Mocle HHbEKIMM a3OTHOKUCIOrO CepeOpa Ha rpaHulle ouara He- 
Kp03a HMeJIHCb CpaBHHTe/IbHO HEMHOFOUNCJeHHbIe Makpodaru. Ha mporsKennn 
HOCELYIOUIMX CYTOK HX KOJMYeCTBO BOSpacTaIO, HM OAHOBPeCMeHHO OHH BCe 
jlalbllle IpOHUKaJIM B ralyOb OYara HeKpo3a. OHAKO B WeHTpaJIbHbIX ero yuacT- 
KaX 3HAUHTeJIbHbI€C MACCbI MOrHOWIMX TKAHeEBbIX 3JIEMCHTOB COXPaHAJIMCb BIIOTb 
jo 7—8 yuel onpita (puc. la). OcrTaBasocb OouIbuIMM M 4YHCO Makpodaros, 
B IIpOTOMIa3Me KOTOPbIX COepKaIMCh PasJIMYHbIX Pa3MepoB rpaHysbI daro- 
WHTHpOBaHHOrO ocayKa CepeOpa (puc. 2a). K 10 Auto onpita paccacbiBaHue 
HEKPOTH3HPOBaHHBIX TKaHeH, KaK IpaBHJIO, elle MOMHOCTbIO He 3aBeplllaJOcb. 

Y MOOMbITHBIX MbIIei, KOTOPbIM Obl] BBEAeCH WHHH, pH MaKPOCKOMM4YeCKOM 
OCMOTpe M MaJsIbMaTOPHO OTMeYAOCh 3HAYHTeIbHO Jlyullee COCTOAHHe OOaCTH 
HHbeKIMM, YeEM Y KOHTPOJbHBIX MblueH. Tak, y 2%XMBOTHBIX, KOTOPbIM WHHH OBL 
BBeleH 3a 24 yaca JO HHbeEKUMM AaSOTHOKMCJIOrO CepeOpa uM Yepe3 4—24 yaca © 
mocme sToro, yxKe Ha 3—4 jleHb OTMeUaIHCb HAMHOFO MeHbIUMe HM MeHee IVIOT- 
Hble MH@MIbTpaTbl, YeEM Y MBIWeH, He NOJyYaBUIMX WHAHa. Y COMOCTAaBJeCHHBIX — 
PpyMl MbIlleH BeCbMa CYILeCTBeHHble pa3JIM4YHA B COCTOAHMM TKaHeH OOacTu 
BBeeHHA CepeOpa OOHAPyKUMBAJINCb Ha O—6 AHH OMbITAa: Ha paspese HHPUILTpa- 
TOB Y 2%KMBOTHBIX, NOJIYYHBLIMX WHMH, B YKa3aHHble BbIMe CPOKH HMeJIMCb JIMUIb 
He3HaYHTeJIbHbIe OCTATKH HEKPOTHYeCKHX MacCC, NOYePHeEBLIHX OT eHCTBHA 
cepeOpa, wu60 Take He€KPOTHYeCKHe MaCCbI OTCYTCTBOBAJIM; Y KOHTPOJIbHBIX 
YKMBOTHbIX OHH, KaK IIpaBHJIO, elle COXpaHHJIMCb B CpaBHHTeIbHO OOVJIbLIOM 
KOJIMUeCTBE. 

Ec.s1M WMH Obi BBeweH 3a 24 Yaca JO MHBEKIMH aSOTHOKUCJIOTO CepeOpa, TO 
MMKPOCKONMYeCKH yxKe Yepe3s CYTKH MoCe HHBEKUMH TO rpaHwiwamM yuacTKa 
HeKpo3a pacnOJarasoch 3HaYHTeIbHOe 4MCIO HHTeHCHBHO IJAC-nosomxuTeb- 
HbIX MakpotbaroB. B STHX SKCIe€PHMeHTAaX, a TaKxKe B OMbITAX C BBeeHHeM IH- 
uHa uepes 4 u 24 uaca Mocje HHbEKWMU CepeOpa OTMe4aOCb GbICTpoe Hapacta- 
He YHCJIa MakpodaroB, HX 9HeprHyHoe NPOHHKHOBeHHE B riyOb O4ara HeKpo3a 
(puc. 16) uw BeCbMa HHTeCHCHBHbIM (arowuTo3’ MOvepHeBLIMX OT MelicTBUA Ce- 
peOpa TKaHeli. Takue Makpotbarm C KPYNHbIMM YepHbIMH rpaHysaMu B MpoOTo- 
1a3Me OblIH OCOOCHHO MHOTOUHCJIeCHHbI Ha 2 — 4 WHH OMbITa; K 5 WHIO, Kak mpa- 
BUJIO, KOJIMYeCTBO BHe- H BHYTPHKJIETOUHO MOKaM30BaHHOrO YepHoro ocasKa 
pe3KO yMeHbIIMIOCb HM TpeoOaqaiH Makpoarw C CAMHH4HbIMM rpaHyJamMu 
B IIpOTOMIa3Me WIM Ke Jake HalleO JIMIMeHHbIe UX (puc. 26). 

Y MbIleH, MOJYIMBULHX MMH, ABHO YCKOPAJOCh pasBUTHe rpaHyJALMOHHOH 
TKaHH, M OHA OOHAPYKUBAACh BpenapaTax Ha 3Ha4MTeIbHO OOJIbUIeM MpoTaA- 
KeHHH, 4eM Y MbIlWeH, He MOJYIMBUIMX WHHHA. . 

Ecim yKa3aHHblit MOIMCaxapu Obl BBeeH 4epes 72 uaca Mocme MHbEKIMMU 
a30THOKUCJIOrO CepeOpa, TO Ha IIpOTAKeHHH NepBbIX 5 CyYTOK OMbITa HA MaKpo-, 
HH MMKPOCKOMM¥eCKH He OTMeUaOCb Pa3HHIbl B CKOPOCTH paccacbIBaHHa He- 
KPOTH¥eCKUX MAaCC y MOMONBITHEIX H KOHTPOJIbHBIX MbIIel. OgHako kK 6—7 2HIO” 
ONbITa pasJIM4HA CTAHOBHIMCb OULYTHMBIMH, TaK KaK KOJIMYeECTBO OCTABUIMXCA 
MacC y MOOMbITHDIX XHBOTHbIX CTAHOBHJIOCb HAMHOTO MeHbIUIeM, 4eEM y KOHT- 
POJIBHBIX. FROG or 

Bregenue 3uMo3aHa 35-H CepHu MpuBeIO K HeEKOTOpoMy ycKOpeHulo Temma 
paccacbIBaHHA HeEKPOTHYeCKHX MaCC, OJHAKO OHO ObIIO MeHee BbIPaxKeHHbIM, 
YeM HOCe MHbEKIMA WHHHAa. CKOJIbKO-HMOYAb 3HAYHTeEMbHBIX PasIM4Hii B CO- 
CTOAHMH OOaCTH HEKPO3a y MbIleH, MOMYIMBIIMX 34Mo3aH 34- Cepuu, H y KOH- 
TPOJIbHBIX MbIlileH He O6HapyxKeHo. ° iw 

Iloy4eHHble WaHHble CBUAeTEbCTBYIOT 06 OTYeTAMBO MaKPO- H MHKPOCKO- 
MHYeCKH BbIPaxKCHHOM 'YCKOPeHHH paccacblIBaHHA HeKpOTMYeCKHX Macc TOL 
BJIMAHMEM OJHOKpaTHOrO TlapeHTepasbHOrO BBeeHHA' WMHHa. Y *KHBOTHHIX, 
NONYIHBIIHX STOT MpelapaT, 3H AYMTeEMBHO PaHbUle, YEM Y KOHTPOJIbHbIX -MBI- 
MeH, 3aBepmayicA arouMTOs KOAaryMMPOBAaBLIMX OT AelCTBUA Cepebpa OCTaTKOB) 
TKaHeH. BpeweHue 3uMo3aHa. He COMPOBOAKaNOCb TAKUM >ppeKTOM HH OH Obi) 
BbIPaxKeH MeHee, YEM MOCNe BBEeCHHA WMHHa. |. . yr “ao 
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Puc. 1, CocTrosHue WeHTpatbHoro y4acTKa OO1aCTH HHbCKUMH a30THOKHCsOrO ceped- 
pa Ha 5 CyTKH OnbiTa y KOHTPOJbHOL (a) H NOAOMBITHOM, NOMyUMBUIel UHHH (6), MbIWIH. - 


Puc. 2. Maxpocari B O61aCTH BBeJeHHA a3SOTHOKHCIOrO cepe6pa Ha 8 cyTKu oMbI- 

Ta. @ — KOHTPOJlb — HHTCHCHBHAaA, 3arpy3Ka MakpodaroB uaCTHILaMH. BoccTa- 

HOBIeHHOrO cepeO6pa; 6 —omMbIT, Mocle BBeMeCHHA WHHKa — eHHHUHbIe rpaHnyVibl 
cepeOpa B OTJ€IbHBIX Makpodarax 


JLAH, tT. 188, Ne 5, Bpayye, Bafic6epr 
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OTH HadMOZeHUA NMOMHOCTHIO CorlacyloTcd C pe3yJIbTaTaMM NapaviembHO 
| UpoBexeHHoro usyYeHUA HHTeHCHBHOCTH daronuTo3a 4aCTHIL BHYTPpHBeHHO BBe- 
ACHHOTO TopoTpacta kyndpepowckumu KeTKaMH MeyeHH. OxKa3auoch (o6bequ- 
_ HAA PeSyJbTATbI HACTOMIMero M paHee MpoBexeHHOrO nccmeE_OBAaHUA (*)), uTo 
_ *BBeeHHe WHHHA MpHBOAUT uepes 24 uaca K YABOCHHIO KOIMYeCTBAa Kynddepos- 
CKUX KJ€TOK, y4aCTBYIOWNX B aromutose, mpuyem 3arpy3ka yKa3aHHbIX kule- 
TOK (arolMTHpoBaHHEIMA YacTHILaMH pesKo yBeJIMYMBaeTCA (COOTHOMeHHe UH- 
cla KymddepoBckux KueTOK c HHTCHCHBHOH, YMepeHHOl Hu Cula6oli 3arpy3Koli 
Mocie BBeeHHA WMMHA paBHO 16 : 62 : 22, a B KonTpoue, nocne BBeJeHHA (pH- 
SHOJOPHYeCKOrO pacTBopa, 4 : 31: 65). Tlocae unpbexunn 3umosaHa 35-fi ce- 
PHM YNCIO ParounTUpyiouuX KynddbepoBcKuX KNeTOK Ha eJMHULe NOBEpXHOCTH 
Bospocyio c 10 go 14,8, a nocne unbeKiMM 3uMO3aHa 34-i} cepnu fo 12,2; npu 
9TOM JIMIIb B M€pBOM Cily¥ae YHCO KyNdepOBCKHX KJIETOK C HHTeCHCHBHOM 3a- 
TPpy3KOM HeCKOJIbKO Bo3spocuio (c 4 yo 9%) *, 
ConoctaBisis STH JaHHble C pesybTaTaMM BBIMeOMUCAHHEIx ONBbITOB, Cule- 
_ AyeT CyedaTb 3aKJOYeHHe O HECOMHEHHOM Mapavvieu3Me, KOTOPbIM CylecTByeT 
MOKIY BIMAHHMEM MOJMCaxXapHlOB Ha (barouvTOs HM BMAHMeEM UX Ha HHTeCHCHB- 
HOCTb paccacbIBaHHA HEKPOTMYeCKHX Macc. Becte c Tem uMmeeTcs onpeyeseH- 
_ Haat SaBMCHMOCTE Pe3yJIbTATOB ONbITOB OT OCOGEHHOCTEeli CTPOeHHA UCTIONb3OBAaH- 
Horo NowHcaxapnya. 
__ Kak yxxe-oTmeueHo Bple, B OnbiTax c MpOPusakKTH4YeCKUM BBeeHHeEM ILH- 
WHA JO HHbEKILHM a30THOKHCIOrO cepeOpa HaOmoanu 3HaUNTeEBHO Ooubiuee, 
“JEM BKOHTPOvle, YHCJIO MakpodaroB BAONb TpaHull OUAra HeKpo3a. Dto M03B0- 
JACT MPECAMOOXKUTb, YTO BBeeCHHe IHHHA CO3aeT yCnOBUS, OaronpuATCTBy10- 
Iie Audepenynainn Makpodaros pu nosBseHuH B OpraHu3Mme OObexTa dharo- 
ILMTO3 a. 

Ha6moyzenua o Gonee uHTeHCHBHOL OKPaCke NpOToMMasMbI MakpotarosB mpu 
IIAC-peakuuu nocae BBeyenua muuna cyleqyeT, MO-BAAMMOMY, PpaCCMaTpuBaTh 
'B cBeTe aHHEIX (*) 0 TOM, YTO HakoMeHHe B MpOTOMMa3Me TMMKOreHa ABAAeTCH 
ORHUM M3 XapaKTepHbIX MPH3HaKOB yCHJeHHA (byHKUMOHAJbHO aKTHBHOCTH 
STHX KJIETOK. 

J[anubie 06 yckopenuu paccachipanusa HeKpoTM4ecKHx Macc y 2KMBOTHBIX, T10- 
AYTMBUIMX MMH, OObACHAIOT OOVIbIyIO ObICTPOTY 3anOsHEHHA rpaHyAALMOHHOL 
TKaHbIO OONaCTH ObIBIIerO Hekpo3a B STHX ycsnoBAnx. Kak noKka3asu 
HallM CielMaJIbHbIe OMbITHI (7), HHH He OKa3bIBaeT HENOCpeCTBeHHOTO BIMAHUA 
Ha lpouMepaunio coequHUTebHOTKAaHHBIX 9eMeHTOB, Tlostomy mpuxogutcs 
MpWuTH K 3aKJIOUeHHIO, YTO OTMeYeHHOe yCKopeHHe pyOueBaHus, B TlepByt!0 
ovepenb, OOycNOBNeHO ObicTpeiiMuM co3laHueM ycoBUl AIA Hauana mpoaude- 
PaTHBHBIX NPOLUeCCOB; Kak M3BeCTHO, BeCbMa BayKHOe 3HaYeHHe B YKa3aHHOM 
OTHOWEHHM MpuHalexKUT CKOPOCTH yyaneHUA u3 OONACTH TpaBMbI HexKUSHE- 
CMOCOOHBIX TKAHEBbIX 3JIEMCHTOB. 

Hitak, ycTaHaBaMBaeTcA NPUHILMNMAaIbHa A BOSMOMKHOCTh BIMATH C MOMOLLbIO 
HEKOTOPBIX OMOJOrMYeCKN AKTUBHLIX NOHCaXapHAOB MAKPOOHOTO npoucxox- 
ACHHA Ha Mpolecc paccacbipaHHA HEKPOTHYeCKHX MaCC, MPH4eM HHTeHCUB- 
(HOCTb STOTO BJIMAHMA OlpeyeseTCA mpemxye Bcero CTeMeHbIO AaKTHBH3ALUU 
‘MakpodbarayIbHOH CHCTeMbI COOTBETCTBYIONIMM MomucaxapujoM. 


add 


t Tloctynuao 
18 I 1961 
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* Bce npHpefenuble pasHuHA CTaTHCTHYeCKH JocToBepHEI: p< 0,01. 
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Jloxnagn AkayemMun nayk cCcCacP 
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rHAPOBHOJIOFH A 


B. H. HHKHTHH 


KOJIMYECTBEHHOE PACIPEAEJIEHHE JOHHOM ®AYHbI 
B CEBEPO-3AMAMHOM YACTH YEPHOTO MOPS 


(IT pedcmaeaeno axademuxom H. H, ll maaveays2Hom 26 I 1961) 


KoumuecTBeHHoe H3y4deHHe JOHHOH (bayHbi B CeBepo-3amaqHow uacTu UepHoro 
MOPA CBA3aHO PlaBHbIM OOpa30M C BbIACHeHHeM 3allaCOB MPOMBICJIOBbIX MOJIJIIO- 
CKOB: MHMii uM ycTpuu. Takue padoTbl npoBogusMcb CepacTono/IbcKoH OMovI0- 
ruyeckoli crane AH CCCP B 1929 r. (4), B 1932 (7) uw B 1934—1938 rr. (°), 
3atem A3sopcKo-UepHOMOpCKHM MHCTHTYTOM pblOHOrO XO3AHCTBa M OKeaHOrpapun 
B 1937 r. (4) mw cnemManbHOH aKCnequuMel MucTuTyTa okeaHomoru“ AH CCCP 
B 1949 r. (*). B nocmeqyrouue rogbl, HayMHad c 1954 r., OombuIHe paOoTEI nO 
W3y4eHHIO JOHHOM dayHbl ceBepo-3anaquow uacTM UepHoro Mops mpoBosATcA 
Oyecckoh OuonormyeckolH craHumMeh AH YCCP (°%,”). 

O6pa6oTKa MaTepvanoB 9KCnHequuHMM MucTuTyta oKeaHomoruH AH CCCP 
1949 r. B KomuyectBe 140 cTaHWMi MO3BO/Ma aTb OOMLy!O KAPTHHY KOWIMUeCT- 
BeHHOPO pacripeseseHuA JOHHOM PayHbl B MOCeeHHAX MHAMH CeBepo-3anaqHon 
yactu UepHoro mops kK ceBepy OT napassenu 46°. Muquesbie noceseHHva B STON 
¥acTH MOPA pacnOJIOKeHbI BOKPyr HeKOTOPOrO WeHTpaJIbHOrO pahona, re HJIM- 
CTbIM TpyHT Ha ryO6uHax Oouee 20 M 3aHAT OMOLEHO3OM MOVJIJIIOCKa CHHJeCMuu 
(Syndesmia alba (Wood)) u S. fragilis (Risso) u ueppa MemuuHup (Melinna pal- 
mata Grube) (°). 

Takoe pacnouoxKeHHe MMMEBbIX NOCeIeCHHH CBA3AHO C HamlpaBseHHeM Teue- 
HHH B 9TOH YaCTH MOPA, KOTOPble OKPyKalOT ero WeHTPaJIbHy!O XamMcTaTH4e- 
CKy!0 ¥acTb (°). TeveHHaA ABJIAIOTCA 3€Cb OCHOBHBIM (akTOPOM, OlpeeAIOULuM 
XapaKkTepHble YepThl THAPOMOrMYeCKOTO pexKHMA MOPA HU OKA3bIBAIOULMM TIpsA- | 
MO€ BJIMAHHE Ha KOJIMYeCTBEHHOe paciipeyemeHne JOHHOK ctbayHbl. ITO BAMAHMe 
TeYeHHH OOYCJIOBJIeHO MPpHTOKOM TpecHbIx Bog u3 J[Henpo-Bbyrckoro aumaua, 
KOTOpble BJIMBalOTCA B MpOXoAsmee Ha 3allaq UM lworo-3anaq TeveHue (°). 

B cBa3H C 9THM BeCb paHOH MOpA, rye pacnomoxKeHb OOceqOBaHHbIe HaMu 
MUJMeBbIe TOCeICHHA, ECTECTBCHHO J[CMUTCA Ha Be YaCTH: HECKObKO OO.IbLIyI0 
3alalHy!l0 4aCTb H MeHbUyIO — BocTouHy. Tpanuia Mexkyy HAMM IIpOXxo,HT 
Ha CeBepe OKOJIO BbIxoJa H3 J[Henpo-ByrcKkoro HMaHa, a Ha lore OKOJIO MepH- 
aquana 31° 10’. 

Ganaqwadt wacTb, ONpecHAeMad BOaMM JIMMaHa, UCIbITHIBaeT ropa3f0 
Coble, YeEM BOCTOUHaA YacTb, KOMeOaHHA COMeHOCTH, AOXOAANLMe HHOra JO 
15°/o). B cBa3m c 9THM B 3amaqHo “actu HaOmMo_aeTCA XOPOUIO BbIpaxkeHHad 
CTpaTHPUKaluA COMCHOCTH H MWIOTHOCTH M CBA3AHHOe C STUM OCMaOMeHHe BEpTH- 
KaJIbHOMi |MMPKY ALM, YTO, B CBOIO O4epedb, OOYCOBAMBAET OObUIME HAM MeHb- | 
WMH [PUNT KHCAOpO,a B MPHAOHHEIX COAX, He OTPaxkaloululica OHaKO, 
CKOJIbKO-HHOYAb Cepbe3HO Ha JOHHO Payne. Ho ocobeHHO CymecTBeHHLIM JIA 
NOHHOTO HaCeJieHHA MOPA ABMACTCA BeMHYHHA MpHHOCa TeYeHHeM OCHOBHOFO 
AA STOTO HaceleHHA MMM,eBoro MaTepHasa — JeTputa. 

ITpoxossmee Hal 8anaqHolt YacTHIO MAAMeBEIX MOce eH TedeHHe, IPHHABIee 
Bogbl J[Henpo-Byrckoro jMMaHa, HeCeT B COTHH pa3 OovIbUIee KOJIMYeCTBO Je- 
TPHTa, 4M OTHOCHTebHO OOeAHEHHOe ACTPUTOM TeYyeHHe, MpoxossAee Hal BO- 
CTOUHOH YaCTbIO 9STHX NocemeHuit (°). 
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@ayHy MMMeBbIX NOCeIeHHi MOMKHO paCCMaTPUBaTb KaK eAHHDbIIi Ouole- 
HO3, MpeNCTaBJIeHHbIH TBYMA OMOLeHOTHYeCKUMM rpynimMpoBKaMH: ofHOli — 
CBASAHHOH C HJIMCTOMeCYaHbIM TpYHTOM, 3aMOJIHeHHbIM CTBOpKaMH MOJIIO- 
CKOB — “paKkYylledHHKOM», pyro — C WIMCTBIM rpyHTOM, Cosep>KalllMM cpaB- 
HHTeJIbHO MaJIO CTBOPOK MOJIJIOCKOB — «MHMeBbIM HWIom» C. A. 3epHosa (2), 
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Puc. 1. Pacmpegemenue moTHocTH HacesleHHaA H OHOMACCHI JOHHOM tayHbl B 
‘cepepo-3anaqHol uactu Uepnoro mops: J — maotuocth yo 200 aK3/m*, cpeqHas 
Ovomacca 216 r/m?; 2 — 200—500 9x3/m2 nu 262 r/m?; 3 — 500—1000 9x3/m? u 
641 r/m?; 4— 1000—2000 9x3/m? u 1390 r/m?; 5 — 2000—3000 9xk3/m? 4 1754 r/M?; 
6 — 3000—4000 2x3/m? u 1896 r/m?; 7 — 4000—5000 9x3/m? u 2264 r/m 


Coctap (bayHbl STHX OMOLleHOTH4eCKHX TPYNNMPOBOK, BKHOUAIOUIeH 73— 
75 BHXOB, MpezcTaBseH B TaGu. 1, rye MaHbl TakxKe MOKAasaTeH KOJIMYeCTBA 
©MOMACCEI M 4YaCTOTHI BCTpeyaeMOCTH AJA KaxKOrO KOMMOHEHTAa PpYyNMMpOBKH 
Jia o6eux rpynmupoBok xapakTepHO pe3KO BbIpamKeHHoe JOMMHMpoBaHne 
MUM KaK M0 KOMM¥eCTBY, TaK HM MO OnomMacce M YaCcTOTe BCTpeyaeMOcrTH. 

B samaqHolt u BOCTOUHOM YACTAX MUMEBbIX MoceseHH OGe OMOIeHOTHUeCKHe 
PYNMHPOBKH MpeCcTaBJeHbI OAMHAKOBbIM COCTABOM OCHOBHBIX KOMIMOHEHTOB 
tbayHu. Uro xe KacaeTCA KOJIM4eECTBEHHOrO paciipeseeHuA PayHbI, TO B STOM 
OTHOMIGHHM 3anaqHad MU BOCTOUHaA YaCTH pasJIMUaIOTCA OYeHb 3HAYHTCJIbHO. 

Ha mpuaoxenHou Kapte (puc. 1) mpezctapteHo paciipemeteHnve MOTHOCTH 
“HaceyleHHa, T. e. KOMYeCTBA OpraHu3MOB MakpoGeHToca, KpoMe pbIO, Ha | mM” 
‘MOBCPXHOCTH Ha B MMHeBbIX MOCeeHMAX ceBepo-3amaqHol yYacTH UepHoro 
Mops. 

Ha KapTe BuO, 4TO B 3alaqHOli YacTH MMeIOTCA MeCTa C IIJIOTHOCTbIO Ha- 
cenenua or 1000 u mo 5000 3K3/m? u, CooTBeTcTBeHHO, Guomaccoit oT 1720 Zo 
2260 r/m?, a B BocTOuHOM “aCTH TaKHX MJIOTHOCTelt He BCTpeyaeTCA, M Marke 
moTHoctp or 500 no 1000 3K3/m? c Guomaccod 365 r/m? Oplia Haliena TOJIbKO 
Ha OHO cTanuun. BcseqcTBHe 9TOFO CpeAHAA MJIOTHOCTh HaceJIeHHA B Salla HOU 
WacTH CocTaBinet 698 9K3/M2, a CpeqHaAd OHomacca 630 r/M*, B BOCTOYHOH 2e 
“ipte COOTBeTCTBYIOUIHe BeMYMHEI OyzyT: 275 9K3/M* 335 r/M?. 

Takum o6pa3om, oGoraimeHHe OOJIbIIMM KOJMYeCTBOM IIMIMeBoro MaTepHasta 
TeUCHHA, MpPOXosMero Hal, 3amalHO YaCTHIO MHAMeBbIX MOCeeHMl, OOYCOBAN- 
BaeT HasMune MOUTH B [Ba pasa OOVIbIMero KOJIMYeCTBA UH 6uoMaccbl JOHHOH (pa- 
YHbI B 3TOM YacTH B CpaBHeHHM C BOCTOUHOM 4aCTHIO. 
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Ta6uunatl 


Buono cocraB MHqMeBLIX NOCeeHHH B OnOTOMAaX pakylleuHuKa U Wa 


NoNe 
n. 0 


OAD WNH = 


NS 
aS 
Co 


Hydrobia ventrosa* 


Bug 


Mytilus galoprovincialis* 
Venus gallina* 
Cardium exiguum* 
Cardium simile* 
Cardium paucicostatum* 
Syndesmia ovata* 
Syndesmia alba* 
Syndesmia fragilis* 
Mactra subtruncata* 
Meretrix rudis* 
Tapes proclivis* 
Tapes lineatus* 
Modiola adriatica* 
Nassa reticulata 
Ceritiolum reticulatum* 
Retusa ovoides* 

Chiton marginatus 

Porcellana longicornis* 
Portunus arcuatus* 

Crangon maculosus* 

Diogenes pugilator* 
Carcinides moenas* 

Ampelisca diadema* 
Dexamina spinosa* 
Gammarus marinus* 
Microdeutopus dammoniensis* 
Balanus improvisus 

Idothea capita* 

Mysidae g. sp.* 

Caprella acantifera* 

Apseudes sp.* 

Cumacea g. sp. (Pseudocuma?)* 


Nemertini 


Nephtis hombergii* 
Pectinaria neapolitana* 
Phyllodoce tuberculata* 
Climene collaris* 
Perinereis cultrifera* 
Harmothoe reticulata* 
Microspio mecznicovianus* 
Nereis diversicolor* 
Nereis zonata* 
Platinereis dumerelli* 
Heteromastus filiformis* 
Terebellides stromi* 
Melinna palmata* 
Eteone picta* 

Pholoe synophtalmica* 
Glycera convoluta* 
Magelona rosea* 
Potamoceros triqueter 
Oligochaeta g. sp.* 
Phascolosoma sp. 
Ascidiella aspersa 
Eugira adriatica 
Botrillus schlosseri 
Cilista viduata* 
Synapta hispida 
Amphiura florifera 
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TaOauna 1 (IIpoqomxenne) 


a i ee 


PakymeuHuk Ua 

NONE 
cot Bugpr KOJIH- | 6n0- yacTota KOJIH- 6u0- yacToTa 

yeCTBO, Macca, BCTpeu., ueCcTBO, Macca, BCTpey., 

3K3/M? |} r/M?2 % 9K3/M® r/m? % 

| 
62 | Membranipora reticulata + 0,07 14 + ? ? 
63 | Lepralia pallasiana + ? 42 + 2 Ai 
64 | Sertularella polizonias + ? 9 + ig 2 
65 | Clithia johnstoni — _ - > ? 
66 | Cordilophora lacustris oo ? 8 -- ? 4 
67 | Aglaophenia pluma + ? 6 + ? Z 
68 | Reniera palmata 3 
69 | Reniera inflata + | 38,2 at ‘ 2,3 if 
70 | Petrosia sp. a. A 2 2 — — — 
71 | Spongelia elegans + 1.0 6 + 0,25 Z 
72 | Esperella sp. + 0,8 2 H -— 0,64 6 

! 


IlIpumMeuau ne. 3pesqouKkol o603HaueHbI OPpraHH3Mbl, UMCIOMLHe KOPMOBOe 3Ha¥eHHe AA pbio. 


B o6caeqopanHol vactu MOP OMOMaCca JOHHO cbayHbI MUAHeBEIX MoCcese- 
HHH, 10 NpH6swKeHHEIM NofcweTaM, COcTaBJIAxAeT OKOIO 860 000 T, u3 Hux MuAHiE 
760 000 rT. 

_ Bcocrape dbayupl 3TUX Mocenennit 70% BUJOB, KDOMe MUM, HMeIOT KOpMo- 
BO€ SHAYeHHe JIA PbIO; UX OMOMACCy MOMKHO IIPHHATh TakxKe 3a 70%, 7. e. 
70 000 tT. Uto xe Kacaetca MUM, TO KOPMOBOe 3Ha¥eHHe HMEIOT TOJIbKO MOUIO- 
Abie, MeHee | r Becom, SK3EMIVIAPbI, KOTOPbIe, MO HallHM aHHbIM (Ouomacca 
“MMM 0 CTaHIMAM), COCTAaBJIAIOT OKOIO 50%, T. e. 380000 T. 

Tak Kak UM KOJIM4eCTBO H OMOMacca MOHHOrO HaCeJICHHA HCIbITHIBAeT 3HAUH- 
T@JIbHbIe KOJIeOaHHA M3 TOka B oR, TO MIPHBeJCHHEIe 3eCb MOCYeTHI Hallo pac— 
CMaTPHBaTb TOJIbKO KaK OTHOCHTeEIbHO MOCTOAHHYI0 CxXeMaTHYeCKy!IO KapTHHYy 
KOJMYECTBEHHBIX NOKasaTeseH B COCTaBe H pacipesevieHuH JOHHOLI (bayHbI B Ce-- 
Bepo-sanayHon uactu UepHoro mops. 


VUuctutyT okeanonorun Iloctynuao 
Axajlemnu nayx CCCP (20 I 1961 


WHMTMPOBAHHAS JIMNTEPATYPA 
' OrueT o yeatenbuoctu AKanemun wayK. CCCP sa 1929 _r.,,.2, JI.,. 1930,, erp. . 183: 
7B. H. Huxurtnu H, Ppi6Hoe xossiictso CCCP, 3, 1933, cTp. l75,* J). Bo GAap mip t 
hu, Tp. Ces. 6uon. cr. AH CCCP, 7, 1949, eTp. 154 u 177, B. Il. BopoGtes, Tp. 
As.-Uepx. ppi6H. xo3. u okeanorp., B. 2, 19, 23, 25 (1937), ®& B. H. Huxutun, JAH, 
120, Ne 4 (1958). ®B. O. Caascxuit, Monamockn MiBHiYHO-3axiqHOH uacTHHH Uop- 
Horo Mops, Kuis, 1958. 7K: A. Buuor pafos, Hayxosi 3am. Ogecbk. Oxon. cr., 1,. 
1959, crp., 4, 5, 103. 8 Jlonua UYepxoro mops, JI., 1937. °B. oH, Huxen pai, GAR. 
136, Ne 2 (1961). 29C. A. 3epHos, 3am. Axa. nay, 32, Ne 1, 107 (1913). 
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Jloxxagwn Anagemun nayr CCCP 
1961. Tom 138, Ne 5 


MHKPOBHOJIOLH A 


A. M. BE3BOPOJIOB 


CMHTE3 ACHAPArHMHOBOH KHCJIOTbI AKTHHOMUALWETAMU 
NOCPEJCTBOM ACIIAPTA3bI 


(IIpedcmasaeno akademuxom B. H. Illanownuxoeoim 2 II 1961) 


@epMeHT achapTa3a KaTaIM3MpyeT peaKIMIO CHHTesa aClaparMHOBOH KUC- 
JIOTHI U3 cbyMapoBoli M 43 Comm amMoHuaA. I]pucyTcTBHe ero y AKTHHOMULeETOB 
jlo HacTOAULero BpeMeHH He Oblm0 ycTaHoBseHO (1). PomaHo u Huxkepcon (?) 
CUHTAIOT, UTO OJHUM M3 OTMYMH B MeTaOomu3Me Escherichia coli u Actinomyces 
fradiae aBaeTCA OTCYTCTBHe y NocwefHero aciapTa3sbl. B Hallux Mpembiyuyux 
UCCJIe@LOBAHHAX Mp HCHOIb3OBAHHH B OMbITAX B3BeCH MHLeJIMA AKTHHOMHILCTOB 
MbI IIPHUJIM K TeM 2Ke pesyibTatam (). JlanbHertuee u3syyYeHHNe MOKa3saJO OLIH- 
6OUHOCTh MOJOOHBIX BbIBOOB. 

B ompitax ucnomb30Balmuch KysbTyppl Act. citreofluorescens 2292, Act. 
levoris 2789, Act. globisporus 81, Act. vulgaris 070, nomyuseHHpie u3 Muxctu- 
TyTa MukpoOuvosoruu AH CCCP or ua.-kopp. AH CCCP H. A. KpacumpuuKosa. 
AKTHHOMULeTbI KYJIbTHBHPOBaHCbh Ha Cpeye clemyroulero cocTaBa (B mpoleH- 
Tax): KYKYpy3HbIt 9kcTpakT 0,5 (0 cyxomy Becy), Kpaxman 3, (NH4)2SO, 0,4, 
NaCl 0,5, CaCO; 0,5; pH 7,0—7,2. Muuenut TpexcyTouHbix KYyJIbTyp TuLa- 
TeJIbHO OTMBIBAJICA OT CpesbI, 3aTHBaca 0,14 M pactBopom NaCl u pactupaica 
CO CT€KJIAHHBIM TecKoM. Ixetpakuua 0,14 M pactsopom NaCl mpospogumach 
J\BYKpaTHO, HocweoOBaTeIbHO B TeyeHHe 16 u 8 uac. Ilocne 9kcTpakWHMu MUIe- 
JIMM (yroBaJicA, HaocalouHad MKMAKOCTh CIMBAaMaCb, OCATOK 3asIMBaJICA MATH- 
KpaTHBIM O6beMoM (o6bem : Bec) pactBopa NaOH, umeromum pH 8,7. Skctpaxk- 
IMA paCTBOPOM e{KOrO Hapa MpOBOAMMacCh ABYKpaTHO, PpaCTBOPHTeH CMeHA- 
JIMCb Yepes 2 uaca. MullesmHH OTeMAICA OT paCTBOPHTeIA WeHTpHpyrupoBaHHem. 
[locue WeHTpupyrupOBaHHA NepBbIli H BTOPOH MeOUHbIe SKCTPAKTbI CJIMBaIMCb 
BMecte. Cojlepxallulica B 9KeCTpakTax OeIOK ocaKacA JBOMHbIM OObeEMOM 
STHJIOBOrO CIMpTa, NOAKUCMeHHOTO YKCYCHOHM KHCMOTOH WO peakI[HH Ha KOHTO. 
BpiaBlivk ocaqoK OTeAICA WeHTpupyrupoBaHueM, pacTBopsAICH B HeOOJIb- 
IIOM KOMMYeCTBE SKCTparupywlero pacTBopa MH MOsBeprasicA WHalH3sy MpoTuB 
MpOTOYHOH BOLOMPOBOAHOH BObI B TedeHHe 2 cyTOK. Jlomy4eHHbI Mocse Auasusa 
PacTBOP JHOPHIMSHPOBaAICA, MOCTe YerTO NOPOIWOK HCHOAb30BaJICA B KayeCTBe 
cepMeHTHOrO Mpenapata. Bee nmepeaucmeHHble onepamuu Mo BbIqeteHuIO dep- 
, ie IpemapatTa MpOBOAHIHCb B XOJIOHOH KOMHAaTe IIpH TemMepatype 

CxemMa MOCTaHOBKH OMbiTa IpuBeyena B Ta6a. 1. Peaxnua wa B TepMoctaTe 
lIpH Temmepatype 37° B TeyeHHe cyToK. KowmuecTBo depMeHTHOrO mpenapata 
(Act. levoris 2789), pHocumoro B peaKI[MOHHy!0 CMeCb, PpaCCUHTHIBAJIOCb 110 
O2IKY, KOTOPbI ompegenaca m0 MeTtogy Jloypu Ha cnexTpodotometpe C®-4. 
O xoe peakIMH CyuH 10 yOblIM AMMOHUMHOrO a30Ta B Cchepe peakiuH (110 Kou- 
BelO), a TAKE Ha OCHOBAHHM HACHTHPUKALMM actaparMHOBO KHCJIOTbI METOOM 
SNeKTpoopesa Ha Oymare. DaeKTpopopes MpOBOAMICA B alleTaTHO-OpMHaTHOM 
Oydepe (pH 1,9) mp rpaguente notenumana 75 B/em u aleTaTHom Oydepe 
(pH 3,9) npu rpaquente notenuuana 10 B/em. PesyJIbTaTHI MOKasasM, YTO MOC 
ylapuBaHuA TO, BaKYYMOM OMbITHOM CMeCH yaeTCA OOHAPyXUTb B Ciepe pe- 


‘AKI actiaparnHOBylo KuCJIOTY. B cBxa3H C TeM, 4TO tbepMeHTHBIM MpemapaT Obl 
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TOYYCH HE 'B KPHCTAIVIMYeCKOM Bue H, BEPOATHO, CoepxKa HeKOTOpHIE Ipy- 
rue epMeHTHL, Obl1a mocTaBeHa mpoBepKa BO3MOxXHOCTH OCYULeCTBJICHHA 
SHSUMATHYCCKHX 'peaKUMH, KOTOPble MOrJIM MCKa3HTb pesysbTATHI NelicTBUA ac- 
mapTasbi. K mo,oOHbIM SH3MMaTH4eCKUM PeaKILMAM OTHOCHTCA, B YaCTHOCTH, j1e3- 
A@MMHUPOBaHHe. OMNBITHI CTaBHJINCh C HeliTpatH30BaHHoli [-actlaparHHoBoit Kuc- 
JIOTOH, pacTBopenHol Ha 1/15 M doctbatHom Oydepe (pH 7,2). Pesynpratei 
‘OUCHHBAIMCh IO ‘HaKOMIeHHIO CBOOO{HOrTO aMMMaKa B ciepe peakunn. Baio 
MOKa3aHO, UTO NOMYYeHHBIA MpemapaT NOMHMO acrlapTasbl e3aMMHUPYerT B a9poo- 
HBIX yClOBuAX /-actlaparHHoByi0 KucoTy. B anaspoOunIx ycoBH AX Ip 2o6as- 
JCHMM TOMYOa A€34MMHASHON AKTHBHOCTH He OTMeyauOcb. IlocKomEKY cyulect- 
ByeT MHenue (*), YTO TOJYOu He MpenaTcTByeT XOLY peakIMH, ONITH CTABHJINCH 
B IpucytcTBuH Toyona. M3 qaHHEix Ta6a. 1 BuAHO, YTO MOMyYeHHEIi cbepMeHT- 
HbIM Mpemapat us Act. levoris 2789 o6nanaer acilapTa3HoH aKTHBHOCTbIO. Ana- 


Ta6Oauna 4 
@epMeurTuH. * “ys M_ doc-| NH, mruaimr 

mpemapar (0,751 M NH,Cl,\9.29 M netitpa- pasa 6y- Genka dep- Cuutes acma- 
Mr GeKa/Ma), MI AH3. PYMAPO- | Hep pH 7,3} MexTH. npena- |paruHos. K-TBI 

Sain Bas K-Ta, Ma ae pata 

| 

4,6 Ay 8,0 10,0 | , 1888 + 

GO. 0 0 8,0 f250 PF} 0,0 += 

Av 2,0 0,0 18,0 0,0 — 

0,0 PAA) | 8,0 AO 0,0 _ 


JIOTHYHBIE AaHHble ObIIM NONMYUeHHI Lin PepMeHTHSIX NperapaToB, BbIeeHHbIX 
43 APYPUX OMbITHBIX WiTamMos. HaGOmoganucb AMuIb OTAM4YNA B AakTMBHOCTH. Ilo 
Wanubim (°), acnaprasa XapaktTepusyeTcaA aKTHBHOCTLIO B y3KUX mpegesmax pH. 
C Weblo MpoBepKH ONTHMaJbHBIX yCJIOBHH JeHCTBUA cbepMeHTa ObLIM U3roTOB- 
JICHBI OMBITHBIC CM€CH C pa3JIMYHbIMH 3HayeHHaAMU pH (5,3; 5,9; 6,6; 7,0; 7,4; 
8,0; 9,1). OnsiTst ObimM noctapseHbI m0 cxeme, MpeycraBleHHoH Ha Ta6u. 1. 
M3mensacs um cbocatuniit Oybep B coorBercTBun Cc TpeOyeMbIM 3HaueHHeM 
PH cpegu. Pesyastatsi onbitop noKa3auu, uTo aclapTa3Hasd AKTHBHOCTb OTMe- 
4ajlaCb TOJbKO upu pH 7,0 u 7,4. 

AwaJM3 TO/LYYeHHLIX Pe3yIbTATOB aeT OCHOBAHHe CUHTATb, UTO AKTHHOMH- 
HleTbl CHHTe3HpylOT aCMaparHHOBy! KHCJIOTY MOCcpeACTBOM peaKILHH, OCyuLeCcT- 
BAeMOH acnaptasoi. 


JlenuurpagcKuit xumuKo-cbapmatesTuueckuit Tloctynna10 
HHCTHTyT LN 1961 
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MHKPOBHOJIOFHA 
Ynen-koppecnonyent AH CCCP A. A. MMUIEHEWLKUH u O. M. YJIbAHOBA 


OB IKCNEPHMEHTAJIBHOM MOJIYYEHHH BAPHAHTOB PHBA 
FUSARIUM, OBPASYFOUINX MOBbIMIEHHBIE KOJIA4UECTBA 
PHBBEPEJIWJIMHA 


C KaxKJ(bIM FOJOM Y MUKPOOpraHv3MoB, OONTAIOWHX B TIpHpose, OTKPbIBa- 
IOTCA BCe HOBbIE H HOBbIe (uU3HONOrHYecKHe OCOOeHHOCTH. UuCIO BHOB, CIO- 
COOHbIX CHHTe3MpOBaTb TakNe (PU3MOJIOTHYeCKH AKTMBHbIe BeULeCTBa, KaK aHTH- 
OHOTHKH, cbepMeHTbI, BUTAMHHbI, CTHMYJIATOPbI pOcTa HM T. 1., BCe BpeMA BO3- 
pacTaeT, H HECOMHeEHHO, 4TO B pxe ClLy4aeB HM3INHe PacTHTeJbHbIe OPraHH3Mbl 
BbITeCHSIT BbICIUHe paCTeHHA KaK HCTOUHHK CbIPbA WIA NOJyYeHUA pAa BeULeCTB. 
O6pasoBanne rpHOamu v3 poga Fusarium cTHMyJIATOpOB pocTa BBbICIUMX pacTe- 
Hu — rnObepesHHOB — OHH U3 MpHMepoB, MOATBepxWalOulHxX BCe BOspa- 
cTaloulee 3HaveHHe MUKPOOOB KaK MIpOYUeHTOB BelleCcTB, OOaalouluxX CHJIb- 
HbIM (pM3HOJIOrHYecKHM elicTBHeM. Bcweq 3a OTKPbITHeM HOBOrO aKTHBHOFO: 
BeUeCTBAa BCera BOSHHKAeT BOMPOC 06 SKCHEPHMeHTAJIbHOM NOJIyYeHHM KYJIbTYp 
MUKPOOpraHH3MOB, OOpasylOlHX MOBbIINeHHbIe ero koslMuecTBa. B aHHOL 
CTATbe ONMCAHbI ONBITbI, KOTOPbIe JOJKHbI ObIIM BbIMCHHTb BOSMOXKHOCTh MOJy~- 
YeHHA MyTaHTOB y rpHOa Fusarium ¢c MoBbIlIeHHOH — B CMBICIe OOpas0BaHus 
rud6epeuJiHHa — AKTHBHOCTHIO. 

Metoyuxka. Vccneqopanna Opin mpopesenbl c KyAbTypow Fusariunp 
moniliforme Sheld. (Gibberella fujikuroi Saw. (Wr.)), momyuennom us Tle- 
KHHCKOPO MY3€H YKMBbIX KYJIbTYPp MHKpoopraHu3mos. JIA NoJy4eHuA Bapv aH- 
TOB B3BeCb KOHHJMH rpHOa oOOsyuaslach y.-c). JyyYaMM C MOMOIIbIO OakTepH: 
IMHO Namnbt BYB-15 c zuMHou Bomnp 2537 A. IIpumenspmmmeca 103bl Bapb- 
uposain oT 1800 yo 36000 spr/mm?. IIpu nepBoit nose noru6an0 49%, a npH 
nociequen 99,55% KonuquH. IIpou3Boqa moceppl o6yaeHHEIX KOHHAMH Ha 
yamiku Ilerpu c NOTHOH NUTATeMbHOH Cpeqou NOJyuaNM KOJOHMM, BbIpacTaB- 
WHe U3 KOHMAMM, NOLBepraBuINxcA JelcTBuIo y.-c. swyyeH. OTCeBbI 43 KOJIOHUI 
AABa KYJIbTYpbl TpHOa, y KOTOPbIX B JaJIbHeHMINeM ONpesemamacb cmocob- 
HOCTh OOpasoBbiBaTb TrHOGepemMH. C sTOM WembIO TpHO BEIPaHBaICA B ycuJO- 
BUAX MOBePpXHOCTHOH KYJIbTYpBI: 

I. Ha cpeze Ponena — Toma: ratoKxo3a 4%, CaHaO,(NHa) 0,7%, KHePOs 
0,2%, MgSOs-7H20 0,02%, KeSO« 0,06%, pH cpenn 5,5—5,8. Cmecb muK- 
posieMeHToB (1 ma Ha 1 a cpenpt): MgSOa 8 mr, CuSOa 40 mr, ZnSO« 880 mr, 
Co(NO;). 10 mr, FeSO, 100 mr, NH,MoO,-2H,O 30 mr, H;BO, 6 mr, 
CaCl, 100 mr, Bons 100 mau. ; 

Il. Ha cpeye Crogoaa: rmoxosa 2—4%, NH,Cl 0,3%, KH.PO, 0,3%, 
MgSO,-7H.0 0,3%; pH cpegpr 5,0—5,1. Céecb mukpossemeHToB (2mMaHala 
cpebt): Fe(NOs)s -9HsO 723,5 mr, ZnSOa-7H2O 439,8 mr, MnSO4-4H2O 203,0 mr 
pasBoyutca B 600 Mi AMCTHIMpOBaHHOM BOLL, OOaBsAeTCA XHMMUeCKH 
unctat HeSOa 20 nouyuenuA mpospayHoro pacTBopa H JOBOLUTCA AMCTHAH- 
POBaHHOH BOOK jo 1 a. 

Ha sTux xe cpeax mpou3sBo_usoch TaKxKe BbIpalliMBaHHe rpHoa B ycJo- 
BHAX NOPPY2KeHHOH KYJIbTYpbl Ha Ka¥aKax. O OvoxumMyecKol aKTHBHOCTH 
HCXOJHOH KYJIbTYpbI TpHOa WM MOJYYeHHBIX MYTAHTOB JleasicA BbIBOL Ha OCc- 
HOBaHMH Pe3YJIbTATOB, NOJYYCHHbIX IPH MpopalllMBaHHH CeMAH SUMeHA, mIUe- 
HHILbI, KYKYPY3bl, OObIKHOBeEHHOFO TopoxXa, KapMKOBOrO Topoxa U Orypros, 
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_ (HAMOYCHHBIX B Pa3JIMYHbIX Pa3BeCHHAX KYJIbTYpabHOM %*KUAKOCTH. Onpe- 
 ~Jleiasach BbICOoTa H CyxXOH Bec NpopocrKos. Jajee MponsBOLMOCb KoMY4eCT- 
- ‘BeHHOe Olpeseenue ruOOepeMHa B KYJbTypax rpu6a pa3smMuHOrO BOspacta 
_ (KOJOpHMMeTpH4eCKHM MeTOOM C HCHOMb30BaHHeM peakTHBa PomuHa — Uno- 
‘KaJIbTO). 
OOmaaxapakTepucTHKANOAYYeCHHHX BAPHAHTOB. 
Y uMCxoqHOH KyJbTypbI Fusarium c nomoutbio y.-c. wyuef Op1wio moy4eno 120 
myTaHToB. Ilo cBoeit cmoco6HocTH 
Opa3soBbIBaTb THOOepeIMH OHM 
pacnpeseiamucb, Kak [MOKa3aHO B 


Ta6Omunma 1 


Uucno MyTantTos 


, Ta6n.: 1. Tpynna AKTHBHOCTb 
Mobil BUAMM, 4TO Ha OOULee UNCIO a6c | aR 

120 BapHaHTOB Mpuxo_uTcA TOJIbKO I Taxan me, Kan y 
ABa MYTAHTAa C MOBbILMeCHHOH, 10 ucxOnHOt KyAbTypel| 85 29,0 
4 2 II Bome ucxonHoti 2 st 7) 
‘CpaBHeHHIO C HCXOMHOH KYJIbTYpOH, ni Hurke nexomiol 78 65,0 
AKTHBHOCTHIO. O6e Ooee aKTHBHBIe corte, et meee £0 


KYJIbTYpbl ObWIH TMOJIyYeHbI Tlocwe 

JBykpatTuoro o6yuenua y.-—) Ayuyamu B o3ax jo 9000 spr/mm?. Caenyer or- 
b M€THTb, 4TO MOJIHAA MOTePpA AKTHBHOCTH HaOOalacb Y MYTAHTOB, BO3HHKIIAX 
_ mlocse WecTBuA OoWbUIHMX MO3 y4eH, paBHbIx 30 600—36 000 spr/mm®. 
: KOJIOHMM OOOMX AKTHBHbIX BapMaHTOB OTJMYAIOTCH TO CBOeMy BHeLIHeMy 
 BHY OT KOJOHHA UCXOMHOH KYJIbTYpbl. OHM MeHbUIe MO BeJIH4YMHe, HMEIOT 
CKalyaTylO MOBepXHOCTbh M MHY!O OKpacKy BOsAyUIHOrO Mu CyOcTpaTHOrO MH- 
mwemuAa. Oco6eHHO OTYETIMBO STO MPOABJIAeTCA Ha Cycyio-arape (7° Baw.) wu arape 
Uanexa c 3% rmoKo3sbl. Tak, Ha arape Uaneka KOOHUMM UCXOHOrO WITaMMa 
‘OKpallleHbI B OeJIbIHi WBeT C OsICQHO-JIMMOHHbIM OTTCHKOM, 4 KOJIOHHH AKTMBHbIX 
‘BapHaHTOB OKpallleHbI B Oye MHO-CHpeHeBble H POsoBble TOHa. OOpa30BaHHe KO- 
HUMH Y BapHaHTOB MeHee pe3KO BbIpayKeHO, YeM Y MATePHHCKOM KYJIbTYpbl. 

IIpu kybTHBUpOBAaHHA UCXOHOM KYJIbTYPbl HM AKTHBHIX MYTAHTOB Ha cpejle 

Crojona c 2% rsmioKO3bI OblIM MOYyYeHbI CeLyIOULHe pe3syJIbTATbI (B MHVJIVJIH- 
TrpammMax Ha 200 ma cpegpt): 


» 


Ucxoanaad Ky JbTypa 


(KOHTpO JI b) Myraur 3/6 Myrtaur 5/6 
JIlumMouHaa KuCuOTAa 990 800 650 
I mrokonopad KucsoTa 475 440 410 
Ykceycuan KucnoTa 160 175 220 
; SruscRH cnupT 75 100 160 


Takum 06pa30M, y aKTHBHbIX MYTAHTOB H3MeHeH MeTAOO/H3M H OHM OOPasytoT 

MeHBbIUe JIMMOHHOH M TuIIOKOHOBOM KUCJIOTHI HU OOVIbINe YKCYCHOH KUCJIOTHI 
-ocoOeHHO criupTa. 

O6paso0BpaHue ru6Gepenaauna. O cosepkannu ruddepet- 
JMHa B KYJbLTYpabHOM %KUAKOCTH MCXOJHOrO WITAaMMa HM MYTAHTOB CyJMIM 10 
peaKkilMu, HaGNOLaBlelica pu MpopacTaHuM CeMAH BHICINMX pacTeHHH, HamMa- 

_ YHBABIIMXCA B KYJIbTYPaJIbHOH YKUAKOCTH PasJMYHbIX pasBeleHun. B qanbHei- 
MeM W3MepsAsacb MHA MpopocTKoB (Ha 5—7 JeHb). PesybTaTbl STHX OMBITOB 
‘TIpwBefeHbt B Tab. 2. 
: Jlawupie, ipwBeseHHbe B TAO. 2, MO3BOJIAIOT CeaTb BbIBOA, YTO KYJIbTY- 
| pavibHas XKUKOCTh, MOyueHHaA M3 KyJIbTypbl MyTaHTa 3/6, OKa3pIBaeT Ha IIpo- 
 pOcTKU AUMeHA, KYKypy3bl HU ropoxa Oovlee CHMbHOe CTUMYJMPylomlee NelicTBHe, 
¥eM XKUKOCTb, B3ATAA W3 KYJIbTYPbl HCXOZHOrO WTamMMa rpuOa. AHanormuHbie 
PeESYbTATHI OLIN MOJYYeHbI MU MPH UCCeLOBAHHH KYJIbTYpaIbHOK AHAKOCTH 
-mytauta 5/6. 
__ Baio 3ameueno, uTo MyTaHTbI CTUMYIMpyiOT TakxKe HM POCT KOpHeit, OcOOeHHO 
TiapHoro Kopua. B nauiel pa6ore BANAHMe Pa3sJIMIHbIX pasBeqenui 10-7HeB- 
Oli KYMbTYPaJIbHO 2KUAKOCTH 3 KyJIbTypbl MyTaHTa 5/6 cpaBHUBasoch C ak- 
‘TMBHOCTbIO XKMIKOCTH H3 UCXOMHOM KyJbTYpbl. Y MpopocTKoB OObIKHOBeHHOTO 
“M KapaAUKoBOro Topoxa Ha 9 Jeb oNpeqetsAIach AMHa riaBHoro KopHA. JLaH- 
“Hble 9TUX OMbITOB puBeseHbI Ha puc. |. 
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Taomnma 


BausHue KYIbTYpaJbHOM 2KUAKOCTH Ha pocT: pacTeHuli 
(4Upbl COOTBETCTBYIOT JAHHE MpOpocTKOB B CaHTHMeTpax) 


IlntatembHaA 


KyubrypavbHasx %KHAKOCTS B pasBeyeHHAX 


Kysbptypa rpxoa oni 4/25 | 1/50 | 1/100 | 4/500 | 1/108 4/404 | 4/108 
Aumenb (6 Hel) 

McxogHaa 4,5 4,8 1545) Oh 5,6 } 54 | 5,8 5,0 
Myrtaut 3/6 4,5 | 7,3 | 7,8 | 6,2 | 6,3 | 5,7: | 6,7 | 5,6 
Ilmenuua KpacuosepHaa (5 quel) 

HMexonuaa Bee, 5,4 ae Ted 5,8 5,9: 6,0. 5,0" 
Nera 3/6 bao | 6,9 | 5,6 | 6,4 | 6,0 | Gets) ea 5,6- 
Kykypysa J[Henpopckulh 56 (7 qHel) 

Ucxoqnaa | 5,4 | 8,3 | 8,0 | 6,9 | 70 | 73 | 6,4 | 1A 
Myraut 3/6 | 5,4 5,8 6,7 9,0 9,1 7,0 5,8 6,0" 

KapJHKOBbIN TOpOXx Tle Tpacc (7 aHeH) 
Mcxogquaa 4,2 5,4 7,6 7,9 6,4 6,0 5,8 5,7 
Mytant 3/6 | 4,2 4,9 9,0 9,5 9,7 5,6 BY fs) 5,0 


Pe3yJIbTaTbI ONbITOB C TOPOXOM yOexKaloT B TOM, UTO MyTaHTHI 5/6 u 3/6: 
oOpa3yloT B KyJIbType Ooubllee KOMMUeCTBO THOOepeMHHAa, YeM. ero CHHTeSH- 


pyeT HCxXoqHaA KyJIbTypa. 


CrelylouluM 3TanoM B paOoTe Obllo0 onpeyemeHue Cyxoro Beca MpopocTKoOB 
pa3JIM4HbIX PaCTeHHli, BbIPOCIIMX H3 C€MAH, HaMaUMBaBLIMXCA B pasBeleHHAX 
KYJIbTYPaJIbHOH 2%UQKOCTH, B3ATOM U3 KYJbTYP MYTAHTOB HM MCXOZHOrO WITaMMa. 

Jl KpaTKOCTH HWKe NPUBEACHbI LAHHbIe TOKO NO MAKCHMAJIbHOMY, BeCcy OJ- 
HOO Npopoctka, BbIpayxKeHHOMY B Ipollentax. 3a 100% npuHaT Bec mpopoctTKos,. 
BbIPOCIUHX H3 CeMAH, OOPaOOTAaHHbIX TOJbKO NHTATeIbHOW Cpeqou (KOHTpom): 


Mcxogqyuan KyJbTypa 


SumeHb 118 
OObIKHOBeHHBIM TOpox 

Buxtopua Telixe 175 
KapJuKOBBIH _rOpox 

He Tpace 425 
Oryplbl KiIMHCKHe 125 


MytaurT 5/6 Myranrt 3/6. 


163 186 
187 185, 
174 148 
133 — 


Takum oOpas3om, CojlepxKalllMiicaA B KYJIbTYpaJbHOu %HIKOCcTU ruOGeperMH 
BbISbIBAeCT He TOJIbKO YVJIMHeHHe MpOPOCTKOB,. HO TakxKe H yBesIMYeHHe HX Beca. 


CM aay 
24 


20 


16 


12 


Cpeduan Anuwa enabyoeo KopHA 


Pagbedenue xynemypanbuau. wudKocmu: 


Puc. 1. Banaue 10-2HeBHoli KybTypaibHol 2xKHAKOCTH 
HCXOMHOrO WITaMMa Fusarium (2) 4 myTanta 5/6 (1) Ha 
PocT TlaBHOrO KOPpHA OObIKHOBeHHOTO ropoxa 


B JasbHelitlem Ob1J0 TIpo- 
H3BeJeHO  KOJIMYCCTBEHHO® 
ompenemenue rno6depessmuuna 
B KYyJIbTyPpaIbHOH XMQKOCTH 
KYJIbTYpP pa3JIM4HOrO BO3pa- 
cTa MyTaHTOB WM HCXxOHOrO: 
WTaMma. J[aHHble HEKOTOPbIX 
M3 OMBITOB CBeJeHbI B TAG. 3. 

Jlawuple, mpHBeleHHEe 
B TaOJI. 3, MOLTBEp2xLaloT pe- 
3YJIbTATbI OMbITOB C pacTeHH- 
amu. Cojepxkanue rud6epeu- 
JIMHa B KYJIbTyYpaJIbHOH KHI- 
KOCTH Y 9KCIePpHMeHTaJIbHO 
NOJYYeHHbIX BapHaHTOB BBI- 
me, 4M Y HCXOJHOH KYJIb- 
Typhi. CaeqyeT TakxKe oTMe- 
THTb, YTO y OOOHX MYyTAaH- 


TOB MaKCHM@JIbHOe KOJIMYeCTBO THuOOepeMHa HakallMBaeTCA B Oouee MOJIO- 
AbIX KyJbTypax. CuleqoBaTenbHO, CHHTes ru66epeMHa y MYTaHTOB mpoteKa- 


eT OpicTpee. 
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Ta6auna 3 


Koumuectso ru66epennuna B KyAbTy¥paX HCXOQHOrO WITaMMa VW MYTaHTOB 
(u@pbl COOTBETCTBYIOT MaKCHMa@JIBHOMY KOJH4eCTBY B TaMMax Ha 1 Ma) 


Hexoquaa 
Baspoer KYJbTypa Myrant 5/6 Mytaut 3/6 
KYJIbTYPbI, r 
Heli Ole ii) O,, 2 Ong Ons dilisorm 2 ou. 3 on. 1 on. 2] on. 3 
18 a — = an 276 a 2 — 
20 i — “S8 — 300 -- — 269 
22 be = 250 249 “ 261 293 = 
25 227 286 = = — — res 
30 | = - 
BuBODE 


1. C nomoubio yabrpadpuosetospix ay4eu y rpwOa Fusarium moniliforme 
Sheld (Gibberella fujikuroi Saw. (Wr.)) BnepBbie Obl MOsly4eHbI BapMaHtst, 
oOpasyiouie Oosble ru66eperuna, uem MCXONHaA KYJIbTypa. 

2. [ipa Hamaunpanun cemau aumens, KYKYPY3bl, OrypUOB, OObIKHOBeHHOrO u 
KapJIMKOBOrO TOpOXa B KYJIBTYpaJIbHOH KUIKOCTH, B3ATOL 13 KYJIbTYp MYTaHTOB: 
Fusarium, Ha6mogaetca Oonee cHabHoe CTHMYIMpytoulee elCTBHe, YeM pH 
oOpaOoTKe cemaH KyJbBTypaBHoli AKHAKOCTHIO, NO YYeHHOW M3 KYJIBTYpBI uc- 
XOMHOTO WiTamMa. Buicota wu Bec pactenuii Bo Bcex OnBITax OBLIH Oowlee BBICO- 


KHMH. 


3. Onpeyenenue KonnuectBa rHOGepeIMHa B KYJbTypaBHOoi xKUAKOCTH 
XUMHYCCKUM IIYTeM .NORTBEPAHJIO Pe3YJbTATE ONEITOB C pacTeHuaMn. Tomy- 
YeHHbIe MyTaHTbI Fusarium o6pa3oppiBauu rHO6epesMH Ooee HHTeHCHBHO, wf 


ero MaKCHMaJIbHOe KOJIHYCCTBO B KYJIbBType OOH Aap YRUBAOCh PaHbiue, 4yem 


B KYJIbType HCxojHOrO WITaMMa. 
4. OMHOBpeMeHHO C MOBBITIeHHEIM CHHTe30M rMOOepelMHa y KyJIbTyp my- 


‘TaHTOB HaOsofaeTes psy, Mopdosoruueckux uw dusnonorMyecKux H3MeHeHHi. 


Uncturyt MHKpoOnoulornn Tlocrynuso 
Akajemun nayxK CCCP 28 II 1964 
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Jloxaagp Axagxemun nayx CCCP 
1961. Tom 138, Ne 5 


BHO®H3SHKA 


B. BHJIYUIH u B. H. KOPOrOXHH 


CPABHHTEJIbHbIM AHAJIN3 MOCTPAXHALHMOHHOrO 
BOCCTAHOBJIEHHA AMNJIONHbIX JPOXOKEM NPH AEMCTBUUM 
AJIb®A- WH TAMMA-JIYUEN 


(ITpedcmaeaexo axademuxom B. A. OxeeaveapdOmom 25 I 1961) 


B paGOore onvcaHo MOCcTpayMallMOHHOe BOCCTAHOBJICHHe AMNION IHBIX LPOxK- 
XKEBbIX KJICTOK, OOJIYSeCHHEIX O-4acTHaMH. Jia OObACHeHHA STOTO ABJEHUA 
MmpeqiaraeTcA MOJeJb «MHOPOOLHOYapHbIX MHMLeHeH» HM IpHBOAATCA HEKOTOpBIe 
oOOpaxKeHHA OTHOCHTEIbHO pa3MepoB MOCJIeqHHX. 

OcHOBHOe OTJIMYMe pa3JIMYHbIX HOHM3SHPYIOULNX H3J1yYeHHU, Olpesesarouree 
ocOGeHHOCTH JleHCTBHA MX Ha XKUBbIe KJIETKM,— 9TO JHHeEHHaA NOTepA 9HEprHun 
(1. 1. 9.) HIM OOYCOBIMBaeMad C10 JIMHeHHAA MIOTHOCTh HOHM3aMH (J. 1. H.). 
Tak, ObICTPbI SJIEKTPOH, BO3HHKAIOULMH Mp MOrOuLeHHH KaKUM-JIMOO aTOMOM 
*KMBOTO BelleCTBa Y-KBaHTa WJIM KBaHTa %KeECTKOFO PeHTTeHOBCKOrLO H3J1y4eHHA, 
HOHH3UNpyeT Ha | w cBoero mpobera B CpegHem oKosIO 10 MoweKya, B TO Bpe- 
MA KaK G-"acTHIla 9Heprvel B HecKOJIbKO Mos Ha | pw TyTH oOpasyer 0 
400—10 000 nap uoHos. 

IIpu usyseHHu TelicTBHA HOHH3HMPYIONHX M3JyyYeHHuH Ha BUpPycbl uU OakTe- 
‘PHU ObIIO yCTaHOBJIeHO, YTO B HEKOTOPBIX CJIy"adx THOeIb HH Hacseqyemple 
H3M€HEHHA y STHX OpraHH3MOB MOFYT ObITb BbISBaHbI OJHHM e€MHCTBCHHBIM aK- 
TOM HOHM3alnH (',”). OueBuqHO, YTO B CuIydae TAKUX KOMHOYAapHbIX palHoOuo- 
JIOTHYeCKUX PeaKIHH» HOHH3UPYIOUlWe H3JIyYeHHA C HH3KOH JI. 1. HW. OKA3bI- 
BalOTCA Oovlee SipPeKTHBHbIMU, He@KeIH U3yIeHHA C BHICOKOH J. 1. u. JencrT- 
BUTEJIbHO, pH OMMHAKOBOM KOJIMYeCTBE NOPIOULCHHOH SHEP B MepBOM CJIy4ae 
MOHW3allMOHHbIe€ aKTbI Ooslee paBHOMepHO pacipeyesmsoTcA 10 OOmyaaemMomy 
oObeMy HM MOpaxkKaloT Goubilee YHCIO HHAMBULYAabHbIX “MHLIeHe», 4eEM BO BTO- 
poM CJlyyae, Te THCHYM M JeCATKH TbICAY AKTOB MOHH3ANMH rpynMupyloTca 
B BeCbMa MaJIbIX y¥acTKax 9TOrO OObeMa. MaTemaTHueCKHH aHasH3 pe3yJIbTaTOB 
ONbITOB C H3JIYYCHHAMM, CO3aIOULMMM pa3JIMUHY!O JI. 1. H., MOSBOMMI TIA paga 
OObeKTOB (BUPYCOB M GakTepuii) ONpeseAUTh KOMMYECTBO HU pasMepbI y4acTKOB, 
€MHCTBEHHOM HOHH3AILMM B lipefeax Kak Oro U3 KOTOPbIX BHOJIHe JOCTATOUHO, 
YTOOL! OOYCJIOBHTb HaOmMOZaempIi atbpexT. PasMepbl STHX yYAaCTKOB OKa3aJIMCb 
NOpAAKa Pa3sMepOB HeKOTOPHIX OeJIKOBbIX MOJIeKyJI. BmowHe JIOrH4HO ObIIO 
HACHTHPHILMPOBaTh STH YYaCTKH C YHUKAJIbHBIMA HaCeCTBeEHHBIMH CTpyKTy- 
PaMH COOTBETCTBYIONLHX OOBEKTOB. 

OjHako MaTemaTuueckuit fannapaT, CO3aHHbIN JIA aHasu3a pe3yJIbTaTOB 
‘OMbITOB 110 OOJY4eHHIO KJIeETOK H3JIy4eHHAMM C pasIMUHOH J. 1. H., IpHOKUM 
JIMIIb K PeaKIHAM OMHOFO MomaqaHuA, OXBATHIBAIOILHM JOBOJIbHO OrpaHH4eHHblit 
KPy? ABMCHAH, BCTpevalonlHXCA B PpalMOOMoOrM4yecKHX SKCHepHMeHTaXx. Tak, 
HallpMep, rHOesb BCeELCTBHe OOMYYeHUA OaKTepuit HEKOTOPbIX BHJOB, a TaKxKe 
OAHOKJICTOUHBIX OPraHH3MOB M KJICTOK BbICWIMX 2KHBOTHBIX MW’ pacTeHHli, HMeIOULUX 
Ba WIM Ooslee TeEHOMOB, OMMCbIBAeTCA CHTMOHHBIMH KPUBbIMH appeKTa NO3bI, 
aHaJIM3 KOTOPBIX MOKa3bIBaeT, UTO OHOM HOHH3AILMM B OTBETCTBEHHOM 3a paslHo- 
OuouorMueckyio peakUMIO yuacTKe KJIeTKM OTHIOZb He JOCTATOUHO, 4TOOHI BbI- 
3BaTb HaOsOLaemElt adibextT. Jima OG6bACHeHUA TAKUX «MHOPOYyapHbIxX paHo- 
OHOJIOPHYECKUX PeaKIMh» MpelO*KeHO [Be (OpMasbHble Mose: WMOO KeTKe 
TPHIMCHIBAeTCA OHA MHUIeHb, JIA WOpaxkeHHA KOTOPOH TpeOyeTca HeCKOJbKO 
NonaqaHuii, MOO HeCKOJIbKO MUUleHel, MopaxkeHue KaxKMOi M3 KOTOPBIX BbI3bI- 
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BaeTCA OJHUM MonaqaHvem. Bui6op ono us sTHx aJIbTePHATHBHBIX MOJlevlel, 
ABIAIOUMHCA MepBbIM WaroM Ha NYT Ovodusuyeckoro aHanusa MHoroyyap- 
HBIX PaMOOMOJOrM4ecKHX peaKUHii, Ha OCHOBAaHHM ananuza OJHUX TOJIBKO 
KPHBBIX BbIKMBAaHHA MPOMSBeECTH HeBO3MOXKHO. 

B HeqaBHeM Mpouiom B JMTepatype Oblia onHcaHa HOBaA OCcObeHHOCTE pe- 
aKIMK Ha OOslyueHHe KJIeTOK, uMeIONLHx MHHMMYM [Ba XPOMOCOMHEIX Ha6opa 
H XapakTepUsyIOUMXCA «MHOTOYapHBIMM KPHBLIMH S=peKTa O3bM (3). Oco6ex- 
HOCTb 9Ta COCTOMT B TOM, YTO BbDKHBaeMOCTh TaKUX KJeTOK (OMBITBI IIpOBOJH- 
WHCb Ha AMMMOMMHBIX ApOHOKaX), OOMYYCHHBIX y-JyYaMH, CyMLeCTBEHHO BO3pa- 
CTaeT MOCI€ HHKYOaMH UX Mepeg BbICeBOM Ha CyK JiO-arap B HeMHuTaTeIBHOL 
cpeye. Takoe BospactaHue BboKHBaeMOCTU, Ha3BaHHoe «aPeKTOM BOCCTAaHOB- 
JI€HHAY, MOXKET ObITb OXAPAKTePpH30BaHO CKOPOCTHIO mpouecca 6 wu Kosddurnen- 
TOM HeOOpatumoctu k, cormacHo ypaBHenuto: 


D; = jae [k + (1 ak) oF], 


rye D; — oddexTuBuasa fo3a cnycta ¢ uac. nocne o6myuenua, aD, — 3anannaa 
nosa. Kosdcdunnext HeoOpatumoctnu k MOKa3bIBaeT, Kakad JOA NOrsonleHHoL 
SHEP M3JIYYeHHA BbISBIBACT B KJIETKAX HeOOpaTUMbIe U3MeHeHUA (4). 

Kakopa npupoga apdexta BOCCTAHOBJICHHA, MOKA HeH3BeCTHO. OgHaKo, MO- 
*KHO MPCAMOVIOKUT, YTO BOCCTAHOBJICHHE MKUSHECMOCOOHOCTH KJIeTOK, T1pe6si- 
BaIOULMX NOCIe OOYYeHUA B COCTOAHUM UATepdassl, CBA3aHO Cc HOpMasiu3allnen 
HOBPCKMCHHBIX OOJYYEHHEM IJIEMCHTAPHBIX KJICTOUHBIX CTPyKTYp, OTBeTCTBeH- 
HBIX 3a HaOsOfaembllt pazMoOuonornueckuil acppexT. 

_ Eco ynomsauytole ctpyKtyppt o6manator joctatouno KPYNHbIMH pa3sMepamu, 
a HeoOpaTHMble H3MeHeEHHA B HUX BOSHHKAIOT JIMIIb NOL BAMAHNEM HeCKOMBKHX 
aKTOB HOHH3AllMU, TO MOXKHO IIpeANONOXKUTh, UTO KoSppuUNeHT HeoOpaTHMocTH k 
OMPeNeIACTCA NONEH KNETOK, “UyBCTBUTeAHbIe YUaCTKH» KOTOPBIX MOYYHJIH O- 
CTAaTOUHOE [IA UX OKOHYATeMbHOTO MOBPeK NEHA YUCNO yAapoB; KJIeTKU xe, 
TYBCTBUTEJIDHBIC YAaCTKM KOTOPEIX MOJIYYHJIM MeHbIee YHCO yapoB, OKasbI- 
BaloTCH OOpaTUMO MOBpexTeHHEIMY; ToLObnan He€paBHOMEPHOCTE pacmpeseeHua 
PIYOMHBI MOBpexkeHUA MO KeTKam Ip JeHCTBHH Y-yyeH KaxKeTCA BOWHe 10- 
‘TycTumon. Ecnu sto npegqnonomenue cupapesmuno, To IIpH OOJyYeHHH KJIeTOK 
HSTYYEHMAMH, CO3alOWIHMH 3HAYHTeIbHO Oovlee BBICOKYIO J. Il. u., HexKeNU 
Y-y4H, HOA KeTOK, WyBCTBUTeMBHBIe yuacTKH KOTOPBIX HCNBITHIBAIOT HeOGpa- 
THMBIC HSMEHEHHA, NOJKHA BOspacTaTh, H KOS puuMeHT. HeoOpaTuMocTH k 
B mpefeme OyzeT cTpemutica x 1. 

_ B kKauectge aieTepHaTuBHoi rumotesbt MOxHO Ipe€JIOHKUTb “MHOTOMHILUeH- 
HY!0 MOfesIb», THe Kaklai 3 MHWeHeH Nopaxkaetca ofHuM ynapom. J[pyrumu 
COBaMU, MOXKHO IIpesCTaBUTb CeOe, YTO B KJeTKe HMECTCA HECKObKO 4YBCT- 
BHTCJIbHBIX YYaCTKOB, Pa3MePbI KOTOPbIX HaCTOMbKO MaJIbI, UTO MPH TpOXO- 
ACHHM Yepes Takve yuacCTKH HOHMSUPYIOMleH YaCTHUbI MOOOH SHeprun Kax EIT 
MS HMX UCIBITLIBaCT MHHUMAJIbHOe YHCIO HOHM3ALMIi, JOCTaTOUHOe, OfHaKO, 
ANA CPO WHAKTHBAUMM; HHAKTHBAMA Ke KeTKH HaCTyMaeT MPH nopaxkeHyn 
OlupeAeeHHOrO KPUTHYECKOrO UNCa TAKUX MuleHeH. Jlona KeTOK, y KOTOPBIX 
NOPaKeHO AOCTATOYHO COVIBIIOE YHCO MUlIeHeH, COcTaBHT HeOOpaTHMyIO’ KOM- 
NOHEHTY NOpaxKeHHA, COOTBETCTByIONLy!IO KoaddpuuneHty k, ocTanbHHe x«Ke 
KJI€TKH OK@KYTCA JIMUIb YaCTHYHO, HIM OOpaTHMO, NOBpPexKJeHHIMH, WH HX 
CyabOa B 3HauNTeNBHOL CTeneHu OyjeT 3aBHCeT OT ycu0BMti CYyLLecTBOBaHHA 
B MOcTpaqMaunMoOHHbI MepHox. B ci1yyae cipaBelMBOCTH STOL, BTOPOlt, MO- 
ACIM, PasIM4IUA B Ji. i. H. MPHMeHAeCMbIX H3JYYeHHH BPA JIM CyecTBeHHO 
CkaKyTCA Ha 3HayeHHH Koaddunuenta Rk. 

Hisnowenuble BEMMe Coobpaxkenus, KaK HaM KaxKeTCs, MOryT TO3BOJIUTb 
NOOKTH K BbISOpy MepBOH MIM BTOPOH MOJeNM SKCHepuMeHTabHEIM MyTeM, 
MOCPeACTBOM CpaBHeHHA 3HaveHHH HeOOpaTHMbIX KOMMOHEHT s1yyeBoro nopa- 
KEHUA KeTOK (KospuHeHTOB k) NpH AelicTBMM Ha HUX U3.T1yYeHHAMNU Cc pas- 
JMUHBIMH JI. 1. i. 

O6bekToM uccleqOBaHUA, KaK MH B Mpepbymux onbitax (3,°), CY KAJ 
TMNMOMIHEIe ApowxU Saccharomyces vini, mTamm Merpu-139 B. Tpexcytos- 


15 LAH, r. 138, Ne 5 1209 


Had CyCl0-arapoBad KYJIbTypa ApoxoKeH, coxepxamlad He Oonee 0,1—0,3% 
MOUKYOULAXCA KJICTOK, CYCIeHIMPOBalaCb B CTePHJIbHOH BOe H MOHOKJIeTOU- 
HbIM CJIOCEM HAHOCHJIaCb Ha MOBePXHOCTb HEMUTATeMbHOrO arapa, rye H NosBepra- 
Jlacb OOyyeHHIO a-yacTHnamuH Pu?8°, mpu paccrosHuu 1,3 cm OT npenmapata. 
O6sy4seHue mpoBogusocb npw 1—2° B Teyenue or | yo 22 yac., B GObUIMHCTBE 
ONbITOB. B aTMOCctepe BOSyxa, B HEKOTOPbIX OMbITax B aTMocdepe asorTa. Iloz- 
BeprHyTble IKCHO3SHUMH pormRxe- 
U/LDsg— Bbl€ KJI€TKH peCyCneHIMpoBaJHCcb 
% u U 3% 8 CTepHIbHOH BOE MU BbICeBAJINCb 
; Ha MOKPbITbIe MHTaTeIbHbIM ara- 
pom (2% arapa+ 5° cyc- 
Jia) IpeAMeTHbIe cTeKIa ia Onpe- 
JIe@JIeHHA BbOKHBaeMOCTH M0 MeTO- 
yMKe MMKpokosoHul (°). Takoi 
BbICeB TPOH3BOAMJIH Kak cpa3y 
mocie OOYeHHH, Tak WM CciycTsa 
24 u 48 uac., B TeYeHHe KOTOpbIx 
pouoKeBan CycileH3HA WHKYOH- 
pOBalach B HeMHTATeJIbHOH cpeye 
mpu 30°. 

PaymoakTHBHEI Pu B KouMue- 
cTBe 250 pr (oOulat akTHBHOCTb 
mpenapata 5-10° pacm/cex), HaHe- 
CeHHbIi Ha IIaTHHOBY1O MOMIOKKY 
B (opMe AMCKa JjMaMeTpomM B | cM, 


30 


Boimubaemocms —>: 
Ss 


CTaTOUHO paBHOMepHoe OOIyyeHHe 


Puce. 1. Kpuppie BbpKHBaHHA J pOHOKeBbIX 


YeHHA G@-YaCTHWaAMH WIN Y-JlydaMH. dy 


J, 3,—pspicep cpasy, 2, 4— BpIceB 
yepes 48 uac.; a — oOylyueHHe B aTMO- 
ctbepe Bosqyxa, 6 — B aTmociepe as0ta 


(YTO KOHTpouMpoBastocn bororpaduyueckv) Ha moBepxHocTH B dopMe AucKa 
¢ WMametpom B 2,4 cm. MonHoctb. 203bI B[3THX YCJIOBHAX 10 OPHeHTHpOBOY- 
HbIM aHHBIM CocTaBuIAsIa OKONO 50 pal/MMH (TOUHOe 3HAaYeHHe MONIHOCTH JO3bI 
B JaHHOM CJlydae Hac He HHTepecoBaJo, nu60 B 3alauy OMbITa BXOLHIO Olpeyede- 
He He OTHOCHTeIbHOH OuomorMueckoH SPeKTHBHOCTH a-JyyeH, HO JOH He- 
OOpaTHMOli KOMMOHEHTH BEISEIBAeMOrO HMM JIyYeBOrO MopaxkeHus). 
Tlonyuenupie 2aHHbe u306paxKeHbl B Be 3ABHCHMOCTH JlorapHdMa BbKH- 
Ba€MOCTH OT JO3bI, OTHECeHHOM K SHAYCHHIO JO3HI, BHISbIBaloMel 50% BbDKH- 
BaeMOCTH IPH BbICeBe KJIeTOK Ha MHTATebHYIO Cpexy cpa3y nocme oOmyyeHus 
(D/LD5,). Ha puc. 1 mpeqcrapnentt HopMupoBaHHEe m0 LD; .aHHble 0 BbDKH- 


BaeCMOCTH JMIMVJIOMAHbIX [pork Ke, BbICeEHHHBIX Ha MHTATeJIbHbIM arap cpasy 4H | 


cnyctsa 48 yac. nocre o6yueHuA ux a-syaamu. Ha stom xKe pucyHKe MpHBeseHbl 
aHaJIOPMYHbIe WaHHEle JIA y-OOyYeHHA, 3aHMMCTBOBAaHHbIe H3 Tpefbi yen 
padotpr (*). XapaktepHo, 4TO Kak BCJyuae a-, TAK H B Cay4ae y-oOmy4e- 
HUA 48-yacopoli cpoK noctpaqualMoHHo HHKyOalMH mp 30° oKasasica JocTa- 
TOYHBIM JJIst TOYTH NOMHOrO 3aBepIeHHA Mpowecca nocTpayuallHOHHOrO BOC- 
CTaHOBJeHHA (NO Kpalneli Mepe, Ha IIpHMeHABUIemMca jMana3z0He 103). 

Suayenua Kosdpunnentos ky uw ky JerKo paccunTaTb rpacbwyeckH Kak OT- 
HomleHHA oTpesKoB D; k D, (cm. puc. 1). Ha mpuMenapuiemca wMHTepBase 103 
Au ky B ipeqenax OUMOKU ONbITA He 3aBUCAT OT JO3bI H PaBHbI, COOTBETCTBEHHO, 
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Ha paccTOAHHH B 1,3 cM JaBall O- — 


KJI€TOK, BBbICCAHHBIX Ha MNHTATebHbI 
arap cpasy H uepes 48 uac. nocie o6ny- — 


2, —a-o6sryuenue, 3, 4 — y-oOnyueHne; | 


— ae 


0,38 + 0,014 wu 0,41 + 0,023. Taxum oOpa30M, HeoOpaTHMble KOMMOHeHTEI 
NOpaxKeHUA, TMMIOMIHbIX [PpOrKKe Y-Jy4aMu MW O-GaCTHWaMH HMeIOT MpaKkTH4e- 
CKM OJ[MHaKOBOe 3Ha4ueHHe. 

BuiM30cTb 4AcOBbIxX 3HaveHM KosddurHeHToR k, uk, OTHIONb He CBUJeTEVIb- 
CTBYeT O NIOJHOM TO*KMECTBE MCXaHW3MOB JleHCTBUA G- MU Y-Jy4el Ha KJeTKH 
B YCJIOBMAX HallIMxX SKCIePHMeHTOB. 

MispecTuo, uTO KpHBbIe BbYKMBAaHMA MMAKPOOpraHu3MoB, OOJIYYCHHEIX’ §a- 
YaCTHILAMH, HMEIOT OOJIee MOvIory10 tpopMy, Hexesu Np JelicTBuM y- HIM peHTre- 
HOBCKHX Jly¥eH; KOS@PHIMeHT N B ypaBHeHHH 


S=1—(1—e*)", 


(OpMaJIbHO OMMCbIBaIONeM 3aBHCHMOCTH 2¢peKTa OT O3bI OOYYeHUA B CyIy4ae 
CHrMOMJIHbIX KPMBbIX BbOKUBAHMA, JIA G-OOJlY4eHHA HMMeeT MeHbIee 3HayeHue, 
4YeM JIA OONYYeHHA Y- WIM peHTreHopcKumMu sty4amu. Bropaa oco6eHHocTE 
OnOsOrM4eCcKOrO JeHCTBUA G-JTy4eli COCTOUT B He3aBHCHMOCTH BBI3bIBAeMOTO HMU 
appekTa OT KUCIOPOAHOTO HanpsAKeHUA, OKAa3bIBAaIOMerO, KaK M3BeCTHO, Cy- 
UleCTBeEHHOe MOJNDUUMPyloMlee BMAHMe NpH JeMCTBUM U3yYeHHH C HU3KO 
a. m1. “4. (%). Ilo o60um STHM MOKasaTeAM MCHOMb3OBABUIHHCA HAMM WITaMM 
Wpoxxket He OTMMUAeTCA OT JPyrux, paHee H3yYeHHBIX, OObeKTOB: KOS@PHILMeHT 
nN WA A- MW y-OOyIeHUA OKa3aJICA PaBHbIM, COOTBETCTBEHHO, 3,4 u 6,2, a OOsmy- 
yeHve B OeCKHCIOpOsHOK cCpese He MpuBeIO K M3MeHeEHUIO SdeKTHBHOCTH JO3bI 
(cm. puc. 1). 

OtmeveHHbie OOCTOATeIbCTBA MO3BOAIOT Mpesmolaratb, UTO paBHad oOpa- 
THMOCTD JIy4eBOro NOpaKeHUA JMMIONTHEIX TpouKel up elictBun us1yyeHui 
€ BHICOKOH HU HUM3KON JI. 1. H. OOyCJIOBIMBaeTCA “He cneluduKol peaKUMH Ha- 
wero OObeKTAa Ha G- HM y-OOlyueHHe, HO OCOGeHHOCTAMH CTPOeCHUA OTBETCTBEHHbIX 
3a JeTAIbHbIM sdbekT OOJyYeHUA YJIeMeHTAapHbIX OMOOrMUeCKHX CTPYKTYP; 
Pa3sMepbI KOTOPbIX HACTOJIbKO MaJIbI, YTO ru1yOMHA NOBPexKJeHUA UX He 3aBHCHT 
OT JI. 1. MH. MpMMeHxAemoro u3syueHuaA. J[pyrumu cuIOBaMH, MpHeMJIeMbIM OOb- 
ACHCHHeEM HaOsOpaBllerocA HaMM chakTa, KaK HAM KaKeTCsH, MOMKET CJLYKUTb 
PacCMOTpeHHaA BbILIe MOJeb “MHOFO OMHOYapHbIX MUIUIeHeH». 

Ec runote3a Hallia BepHa, TO MOMHO Ha OCHOBAHHM HMMEIOMMXCA JaHHbIXx 
MOMbITaTLCA TIpescTaBUTb ce6e MIpHMepHble pasMepbl OTBETCTBCHHBIX 3a PaHo- 
Ouosornueckuh sddekT IeMeHTapHbIX OMOMOrM4ecKHX CTPYKTyp Halllero OOb- 
ekTa. 

IIpu yetctBuu y-o6yyeHud OTJebHbIe aKTLI MOHM3ALMH pacnpeseJsAOTCA 
10 O6y4aemMomy OGbeMy He COBepitieHHO paBHOMepHO, HO Ty¥Kamu no |, 2, 3, 
pexe 4 MOHM3allHH B JOBOJIbHO OrpaHuyeHHbIx yuacTKax (7). CieqoBaTesbHO, 
Ppa3MepbI HHTepecyloulux HAC CTPyKTYP JOJMKHLI ObITb TAKOBHI, UTOObI pM mpo- 
XOKCHHM G-YACTHILI B Mpesetax KarxKLOl U3 HUX TaK%Ke BOSHHKasIO He Oosee 
1—3 akToB woHu3auuu. Tak Kak JI. 1. H., CO3qaBaeMad o-yYaMu 9Hepruer 
B 5,13 Mas, CcocTaBJIdeT HECKOJIbKO THICAY Map HOHOB Ha | pw MyTH, TO TpeOyemoe 
nonepewHoe ceyenve MulleHu OyfzeT Mopsaka yecaTKoB anrctpem. IIpumepHo 


_ TAKOB Ke Pa3smMep MoMepesqHoro ceveHHA HeKOTOPbIX O6eIKOBbIX H HYKJICOMNPpOTeH- 
_ HOBBIX MOJIeKYJI. 


WucrutyT pasvauvounoi uv dusvko-xumMHuecKol OnoorHy TloctymH10 
Axaylemuu Hayk CCCP 7 I 1961 


Mockosexui rocyapcTBeHHbIM yHHBepCcuTeT 
um. M. B. Jlomonocopa 
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BHOPH3HKA 


Unen-Kkoppecnonyent AH CCCP H. Ml. JYBHHHH, 10. 1. KEPKHC 
nu Jl. HW. JIEBEQEBA 


IKCNEPHMEHTAJIbHbIA AHAJIH3 JEMCTBHA PAAMALMH 
HA APA KJIETOK B KYJIbTYPE 3MBPHOHAJIbHbIX 
TKAHEHW 4EJIOBEKA 


[Ipamble 9KCIePHMeHTHI MO BO3AeHCTBUIO PayWallMH Ha XPOMOCOMBI YeJIOBeKa 
OKa3aJIMCb BOSMOXHbIMH OwlarolapaA ycnexaM WATOJIOFHH KYJIbTyYp TKaHe 4e- 
nopeka. I]papya, KJIeTKH B KYJIbTypax TKaHeH Pa3MHOMKAIOTCA B HCKYCCTBEH- 
HbIX YCJIOBUAX, YTO B KAKOH-TO Mepe OrpaHHuMBaeT NOHMMAHHe Mpoueccos, HLy- 
ULHX B XKHBOM OpraHH3Me, OAHaKO 3TH OFpaHHYeHHA He YMaJIAIOT BCeH BayxKHOCTH 
takoli padotbl. [loxasano (') Ha mpumepe o6e3baH H3 poga Ateles, 4TO B MOUIO- 
JbIX TKAHEBLIX KYJIbTyYpaX MpH HaNHYHA XOPOWIMX KYJIbTYPasbHbIX yCNIOBHK 
AJePpHble H3MCHCHHA, BOSHHKAIONLMe MO BAMAHHeM payMallMH, KaK B KauecrT- 
BeCHHOM, TaK HM B KOJIMYECTBEHHOM OTHOMCHHAX OIM3KH K H3MCHeHHAM, BOSHH- 
KaIOLWLHM TO BJIMAHHeEM paqWallwv B KeTKaX, PaSMHORKAIOWAXCA BHYTPH Op- 
raHu3ma. IIpuuem, eciM OCOOCHHOCTH MYTHPOBaHHA XPOMOCOM B Apax KJIeTOK 
KYJIbTYpbl TKaHeH 4eM-TO H OTMYAIOTCA OT TAaKOBOrO B XKHBOM OpraHH3mMe, TO, 
HCHOMb3YA STOT MCTOL, MOXKHO NOMYYATh WeHHbIe CBeAeHUA OO oc*ppeKTe MaJIbIX 
103 UM SKCICPHMeHTAIbHO YTOUNUTb BeJIMYHHY JO3bl, YABaMBaloOUleH ecTecTBeH- 
Hy!O "acTOTY MyTawHi. 1A sTOrO HEOOXOAMMO CpaBHUTb eCTeECTBCHHbIM HW payua- 
IWMOHHbIN MyTareHes B YCJIOBHAX KYJIbTypbl TKaHeH. Mes 9TH WaHHble, MOKHO 
CONOCTABJIATb HX C ECTECTBCHHbIM MYTAILHOHHBIM MIPOLWeCCOM B KHBOM OpraHH3me. 

M. Bennep (?) u T. T. Tlaxx (*) ucnomp30BamM KOXMUMHOBYIO MetTomuKy (‘), 
KOTOPaA JaeT BOSMOXHOCTh C HCKJNOYATEMbHOH ACHOCTHIO AHAIH3HPOBaTb Xpo- 
MOCOMHble MlepecTpOHKM Ha MeTa*aTHyecKOH CTAMHH JeeHHA KNeTOUHOrO Apa, 
HOSBOIAA NOMYYATb HA XPOMOCOMAX YeJOBeKA CTOMb Ke YOCAUTeMbUY!IO KAaPTHHY 
BC€X MHKPOCKONMYeCKH OOHAPy2KHBaeMbIX XPOMOCOMHBIX MepecTpoeK, Kak 
3TO HMeeT MeCTO y KJlaccHueckux OO6bekTOB — Drosophila u_ Tradescantia. 
OjHako TpyfoeMKocTb WaHHOH MeTOAMKA OTpaHHuMBaeT BOSMOXKHOCTH OOUIb- 
WOro KOJIMYeCTBEHHOFO aHaJIH3a, CTOb BaxKHOrO Ha TlepBbIX sTanax paOorTbl 
m0 STOH mpoOneme. 

YUNTHIBAA, YTO KOJIMYCCTBEHHAA OLeHKA BIMAHHA MaJIbIX Jl03 palualuu 
Ha HaCJIeICTBEHHbIe CTPyKTYpbl YeNOBeKa TpeOyeT CTATHCTHYCCKH JOCTOBEPHbIx 
JAHHbIX, OCHOBAHHbIX §Ha aHaJIH3e JOCTATOUHO MHOrouncJIeHHOrO MaTepHaua, 
MbI OOPaTHJIHCb K yYeTY XPOMOCOMHBIX MepecTpoeK MO YaCTOTe MOABJIGEHHA MO- 
CTOB 4 (pparMeHToB B aHatbasax uM Tenocbasax MuTO3a. Matepnasiom AA padorTsi 
NOCNY KM KYJIbTYpbl TKaHeH 11/.—2-mMeca4HbIX SMOPHOHOB YeOBeKa, KOTOPbIe 
nmocye HX OlepaTHBHOrO H3BIeUVeHHA B KJIMHHKe OCBOOOKMAIMCh OT XpsALLeBOH 
TKAHH, H3Me@JIbYaIMCb Ha KYCOUKH JMaMeTpOM 2 MM M MOMeULaIHCb MpH Temre- 
patype +-4° B cuuTeruyeckylo nuTatembHyio cpey Ne 199. Cnycra cyTKM TKaHb 
TPHMCHHHSHPOBalaCh Ha MarHHTHOH MeutaiKe B 0,25% pacTBope TpHNcHHa Npu 
37° NO MOMHOPO paseeHHA KYCOUKOB TKAHM Ha OTJeIbHbIe KNeTKH. Uepes 
Kable 20—30 MMH. B3BeCb KJICETOK MMMeTKOH MepeHOCHaCh B IeHTpPHcpy2KHbIe 
NpoOMpKH, a K OCTaBIeiicA TKAHH OOaBIANACh CBeKAA NOpMA TpuNcHHa. 

3BCCb KJI€TOK B TPHICHHe WeHTpHdyrupoBanacbh B TeueHHe 8 MHH. IIpH 
1500 06/muu. Hagocajounaa 2KHKOCTB ylalaach, a OCeBIIHe KJIeTKH pecy- 
CHeHIMpOBancb B Cpeze No 199 c no6aBneHuem 10% cbIBOpOoTKH KpOBH Yes10- 


Beka. KoumuecTBo pecyCcneHIMpOBaHHbIX KJICTOK TIOJCUNTHIBAJIOCh WU OKOHYA- 
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TeIbHaA KOHUCHTpallMA AX JoBOAMMach Jo 300 000 na 1 ma cpeqnl. Toropas 
KJe€TOUHAH B3BeECb Pa3JIHBalach (10 2 Mi) B CT€PHJIbHbIe MeHHILHJIJIMHOBbIe 
(1akOHbI C NOKPOBHBIMH cTeKaMH TOMelLalacb B TepMocTaT pu 37°. Yepes 
48 uac. nocae mocesa KYJIbTYPbI OMHOKPaTHO OOyYaHCh Ha PeHTTeHOBCKOM 
ammapate Tana YPITH-70-1 npu wanpsxKxennn 60 KB, TOKe 4,5 Ma uw 0,5 uM Al. 
Cpasy mocie o6nyyennsa MPOWSBOAMNaCh CMeHa Cpeybl, a yepes 36 ac. (yepes 
84 "aca mocne Hayana pocrta) KYJIbTYPbl (PHKCHPOBaIHCh CMeCbIO Kapuya. ITpe- 
HapaTbl OKpalHBaNUCh TeMaTOKCHMHOM 10 IPAUXy U 3aKMOUATHCh B KaHayi- 
CKHH Oamb3sam. Kaxkypili onbiT umMen cBoti KOHTPOJIb, KOTOPbIt mpeTepmeBa Te 
KE M@HHITYJIAUMH, YTO H OOAYYCHHHe KYJIbTYPbI, BKNOUaA M H3BNeYeHHe 13 
TepMOCcTaTa Ha CpOK O6syyeHus. 

KoumugecTBenHblii yueT xpomocomupix MepecTpoeKk B AApax KMeTOK pH Obsy- 
4eHHH MA@CCOBOH KYJIbTYpbl TKAaHM BCTpeuaeT PAA TpyqHocteH. Mgzeanbupim Ma- 
TepHalOM ABMAIOTCA KJETKH, KOTOPbIe NHocue OOyUeHHA BCTYMaloT B MepBbiit 
MHTO3, TaK KaK TOJIbKO B 3TOM Cy4¥ae MOXKHO BULETL BCE HenOcpeCTBeEHHbIe 
HOCHEACTBUA BIMAHHA paqvaluH. OsHakO yAOBUT NepBbIii MUTO3 B MaccoBOii 
KyJbType TKaHH Henerko. B ycnoBuax Xxopoieli cpegbl AIHTebHOCTh MUTORA 
B KJl€TKaX KYJIbTYPbl TKAHH KOMKH WIUTCA OKOWIO 18 yac. (°). Ielicraue pagna- 
WMH 3ayepxkuBaeT HaCTyMWeHve MMTO3a, pH 3TOM NO-pasHOMy B KJIeTKaX, 
TOBPeKTCHHBIX B pasHon CTenenH. TloKasano (?,*), yo xopoummmu cpokaMH JIA 
yateTa YaCTOTbI XPOMOCOMHBIX Tepectpoek sABIaseTCH Bpema 42—49 vac. nocue 
oOsy4enua, K 72 uae. KomuYeCTBO XPOMOCOMHBIX TlepecTpoek HauHHaeT 3aMeTHO 
yOpiBaTp (*). 

IIpu Manprx yo3ax paquaunn nospenue XPOMOCOMHBIX IepecTpoeK oOcyite- 
CTBJIAETCA MO TaK Ha3bIBAeMOMY OHOYapHOMY~- MeXaHH3MY, TaK KaK B 39THX 
YCMOBHAX COBNANeHHe ABYX Pa3PbIBOB BHYTPH Apa sBAeTCH PpeqKHM Co- 
ObiTuem. B wamiMx onbitax xpomocomubie nepecTpoHkw BO3HHKaJIM Ha CTa- 
AMM O(HOH HUT (HHTepdaza) un AByX HuTeli (mpocbasa), B pesyubTaTe 4ero 
oOpasoBauch XpOMaTHHbIe dparmexTt, M3OXPOMATHAHbIe MOCTLI HM (ppar- 
MCHTBI, XPOMOCOMHbIe (pparMeHTbI M XPOMOCOMHbIe HMHTePCTHIMaNbHBIe jese- 
uuu. IIpu norepe pparmMeHtop kKaeTKH MoryT COepKaTb TOMbKO MocTE. Mu- 
KPOCKONM4CCKHH aHaIM3 Aep KJeETOK YeOBeKa MOKa3as OTYeTIMBHIE KapTHHbl 
OOpasoBaHHA yKa3aHHbIX THIIOB XpPOMOCOMHBIX mepecTpoek. p , 

a6auma 


Yactora aHada3 c xpomMocomHBbIMU mepecrpolikaMu B O6sy4eHHEIX du6po6macrax 9MOpuoHa 
WeJIOBeKa MPH KYJIbTHBUpOBaHHH Ha cpeye No 199 (onsir Ne 1) 


KouTpoub 10 r P57 50 r 
Unc0 HOpMaJIbHbIX aHatas ut TeJIO- 
(a3 2379 1810 643 676 
Uncno anaas u tenotas c xpomo- 
COMHBIMH Tepecrpolikamu 37 4 50 104 
O6ilee unco H3y4eHHbIX anadas u e 
'  ‘Temopa3 2416 1861 693 780 
_ Uncao anadas c u3MeHeHHBIMH s1pa- y 
)° mu B % 1,7+0,34 2,7£0,37 | 7,2+0,82 | 13,344, 


B ta6a. 1 npuBeyenbl 2aHHBIe O UNCJIe KJIeTOK, B KOTOPLIX BO3HUK MM XPOMO- 
COMHBIe NepeCTpOHKH B KYJIbTypax TKaHeli, OOMyYeHHHIX Josamu 10, 25 u 50 r 
H B KOHTPOJIBHBIX KYJIbTypax, Pe XPOMOCOMHble H3MCHEHHA BOSHUKAIOT B pe: 
3yJIbTaTe eCTeCTBeHHOrO MYTAaIlMOHHOrO porecca, 

IIpu aHasuse 3aBHCHMOCTH YaCTOTbI XPOMOCOMHBIX MepecTpoeK OT JosbI He- 

_ OOXOAHMO BBIJCUTb BAMAHHe eCTeCTBeHHOrO MyTAalHOHHOrO mpouecca, Pacuer 
hoKasal, YTO YacTOTa UHAyUMpoBaHHoro Mponecca gua 10 r cocraBsAeT 1,2%, 
‘na 25. r 5,7% u ana 50 r 11,8%. 

 Tlepepacuer qannpix no BceM 034M NoKa3blBaeT, TO UHC.IO X POMOCOMHbIX 
‘Mlepectpoek Hal f oveHb O1M3KO AIA BCeX IPHMeHABUIMXCA N03 (Tab. 2). TMo- 
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Ta6nuna 2 


Uactota XpoMOCOMHBIX NepecTpoeK B AApaX KNeTOK yeNOBeKa B KyJbType TkKaHeli 1 r mpH 
PasHBbIX oOsax o6s1yyeHUA 


Onpir Ne 1 
Tlosa (r) LO 29 OU © B cpequem Ha i r 
Uncno H3MeHeHHBIX K1eTOK Hal r (%) OF T2 0,23 OF 23 0,19 

Onnit No 2 
Jlo3a (r) 3 7 10 B cpequem Ha 1 r 
Unco H3MeHEHHBIX KleTOoK Ha lr (%) 0,06 0,10 OFA Be 0,13 


JIYYeHHbIe (PaKTbI WOKAS3bIBaIOT, YTO Apa KeTOK YeNOBeKa Topasyo Oowee pa- 
JIMOUYBCTBUTEJIBHBI, YEM STO CUNTAIOCb paHbie. UacToTa CNOHTAHHbIX XPOMO- 
COMHBIX HepecTpoeK B HallleM OMbITe OKa3aacb paBHol 1,5%. I1pu Bosyeticr- 
BHU pauallun B cpeqHeM Ha | r BosHHKaIO 0,19% H3sMeHeHHi. 

CueqopaTebHO, YaCTOTa eCTeCTBeEHHOFO MOABJICHHA XPOMOCOMHBIX MYTAallHH 
YABOWIaCb B HalIHX OMbITAX JO30H payuannn oKoO 10 r. 

VuuTbIBad OTBETCTBEHHbIM XaApaKTep BLIBONOB H3 MpOBeeHHOrO HaMH OMIbITA, 
OH Obl] MOBTOPeH C HCMOJIbSOBaHHeM Oovlee NOJIHOWEHHOH KYJbTYPaJIbHOH Cpe. 
O6.1y4eHHe B STOM ONbITe MpOH3sBOANOCh WO3amMu B 5, 7 u 10 Tr, a B KauyecTBe 
KYJIbTYPAJIbHOH Cpebl MPHMeHAJICA PHAPOMH3aT MakTaIbOyMHHAa B pacTBope 
X9HKcCa Cc 2O6aBKOH 20% CbIBOPOTKH KPOBH YesoBeKa, 5% sMuHOrTO GOenka 


Ta6nauna 3 


Uactota aHada3s H Temocdas C XPOMOCOMHbIMH NepecTpolikaMH B OOJYYeHHBIX (dHOpobsacTax 
SMOPHOHA 4Ye/IOBeKa MPH KYJIbTHBUPOBaHHH Ha PuApomHsaTe MakTawbOyMuHa (onbIT Ne 2) 


KoHTpOMb 53 Ls | 10 r 
Unci0 HOPMAaJIbHBIX aHatba3 H Temodas L147 2098 2838 1426 
Unco anacdas u Teoda3s C XPOMOCOMHBIMH 
nepelicrpolikamu 14 32 55 48 
O6mee YHCIO H3YYeHHBIX aHatbas H Teseda3s 1161 2130 2893 1474 
Unco axaca3s u Temotas ¢ H83MeHEHHBIMH AJ- 
pamMu B % L220) 32) 4,480 26/4. 9220) 4a oo O. ao 


({BMecTO cuHTeTHYeCKOH cpeabt Ne 199 c qoOaBeHHem 10% cbIBOpOTKH, HCMOVIb- 
30BaBIleHCsA B IpeAbIAyuleM onbite). [loqroropKa MaTepwaa, MeTOMMKa KYJIbTH- 
BHPOBaHHA KJeTOK WH OOyYeHHA, a TakKxKe NoCexyloulad cbuKcauMsA, MpHro- 
TOBJICEHHE H IpOCMOTpP T1pemapaToB OblIH TAKHMH 2Ke, KAaK B MpebILyULeM OMbITE. 
Oxkpacka lipeapaToB mpousBo_uach M0 Menpreny. Tlonyuennple pesybTaTbI 
cBeleHbI B Tab. 3. 

TlepecueT KonMYeCTBa XPOMOCOMHBIX TlepecTpoeK, BOSHHKaIoWHx Ha | fr, 
peycTaBleH B Tabs. 2. 

IIpu CNOHTAHHOM YaCTOTe XPOMOCOMHEIX MepecTpoek B ombiTe Ne 2, paBHoii 
1,2%, culeqyeT, YTO H B 9TOM CAyYae 103a, yBaMBaloulad YaCTOTy ecTecTBeH- 
HbIX MYTAllHH, COCTaBJIAeT BeIHYHHY, OmH3Kyr0 K 10 r. 

CpaBHeHHe YacTOTbI CMOHTAHHEIX XPOMOCOMHBIX TepecTpoeK, BO3HHKUIAX 
MO] BJIMAHHEM palHalnH B OOOMX ONbITAX NOKasbIBaeT: 1) HeECMOTPA Ha MCNOVIb- 
SOBAHHE Pa3JIMUHbIX MO MOJIHOMCHHOCTH KYJIbTYPaJIbHbIX Cpe, YaCTOTA eCTeCT- 
BCHHO BO3HHKAalOULHX XPOMOCOMHBIX TepecTpoeK B Apax HeOOyUeHHbIX (pu- 
OpoOlacToB SMOpHOHa YeNOBeKa OKAa38aaCb B OOOHX OMbITAX TOKMeCTBEHHO! 
(Diff = Mais = 0,3 + 0,5); 2) appeKT MaJIbIX 03 PalWallHM B STHX OMbITAX 
HMe CXOJHBIH XapakTep, BeJIHYHHA JO3bl, yABaHBalouleli yacToTy ecTecTBeH- 
ee CTPyYKTYPHBIX MyTallHH XpOMOCOM B OOOHX cuIyyanx COCTaBHa 

J fe | 
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HapectHo, 40 CTpyKTypHble MyTallMn Xpomocom, OOHApy2XKuUBaeMbIe B CBe- 
TOBOM MHKPOCKONe, COCTABJAIOT JIMINb HeOO/bUTyIO YacTL OOMerO UNCIa H3- 
MCHCHUM MaCenCTBeHHbIX CTPYKTYP, BOSHHKAIOWNX NOM AelicTBHeM pay_nalun. 
Oouaa uactota MyTauMi Bcex THNOB, BKJIOUAA HeyyTeHHble B HalWMX ONbITAX 
TOUKOBbIC MYTAILMH H MeJIKHe XPOMOCOMHbIe NepectTpouku, pn UCHOMb3OBaHHH 
HAMM MaJIbIX 03 pasHallMH, HECOMHEHHO OOVIbLIe YCTaHOBJICHHbIX HAMM BeJIHUHH. 

Tlony4eHHbie JaHHbIe NOKasbIBalOT, YTO XOTA TOUHOe ONpeseeHHe NOSbI, yi- 
BauBalouleH YaCTOTY MYTALMA y YeOBeKa, ABJINeTCH JleJIOM Oylyuiux ucce- 
QOBaHuH, OJHaAKO paHee oGocHoBannaa H. II. Jly6nnunem (°*) kKonlenuns, 
GTO Jo3sa payuaunu B 10 r yaBanBaer yacToTy MyTauuii y YenoBeKa, MOXET CUH- 
TaTbCA OGOCHOBAHHOH B OTHOUIeHHH XxpOMOCOMHDIX nmepecTpoeK B_ IIpsAMbIX 
9kCHepHMeHTax. OHAKO BECbMA BO3MOKHO, ITO dTA JO3a ABMIACTCA BeNMUMHON, 
MeHbilel vem 10 r. Tak, no HeOoubuiuM Matepnasiam M. A. Benpepa (*)yapan- 
BalOlleH ABJIAeTCA 03a B 3,3 r. 

Bee STH *akTbI OTYETMMBO NOKA3sbIBAIOT, YTO BIMAHHe HOHM3HPyloUlel pa- 
IMalwu B Hanazove MANEIX 03, HAYMHAA OT Mosel peHtrena HM BHINe, B Cyuae 
UX BOSJCHCTBUA Ha YEMOBEYECTBO B LLeJIOM TIpescTaBAeT COGOIO BIOMHE peab- 
Hy!0 OMaCHOCTb JIA OyMyuIMX NOKOJIeHHi YeOBeYeCTBa HM HeceT yrpo3sy CaMUM 
OOJYYCHHBIM JOLAM, ABIAACh BOSMOAKHOH NpPHUMHOH 310KAYeCTBEHHBIX HOBO- 
OOpas0BaHUl. ITO HeOOXOAMMO YYUTHIBATH H MPH MHPHOM HCHOMb3OBaHUM ATOM- 
HOH sHepruu. I]poqonmwenue aTOMHLIX M BOJOPC\HbIX B3PbIBOB HeoNnycTUMo, 
TaK KaK OHH BJIeKYT Heperysupyemoe u rOcTOAHHO jelicTByOMlee Ha yeOBeUe- 
CTBO TOBbIMIeHHe (OHA payuanuu. 


VUuctuty? wxtonoruu wv reneTuKn ; Tocrynno 
Cu6upcxoro orjenenna Akagemuu nayK CCCP 17 II 1961 
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BHOXHMHA 


A. C. AHTOHOB u 4uaex-Koppecnonjent AH CCCP A. H. BEJIOZ3EPCKHH 


CPABHHTEJIBHOE H3Y4EHHE HYKJIEOTHAHOLO COCTABA 
JE3OKCHPMBOH YK JIEHHOBbIX KUCJIOT HEKOTOPBIX 
NO3BOHOUHbIX H BECITO3BOHOUHbIX )KUBOTHDBIX 


Jlo nacTosero BpeMeHH CpaBHUTebHOe U3yyeHHe cocTraBa JLHK Opto mpo- 
BeleHo y OakTepuii, rpHOoB, BO,opocseH, a TakxKe BBICWUIMX pacTeHHit ('*). Sua- 
YHTeJIbHO MeHbIMee KOJIMYCCTBO JaHHbIX ObIIO MomyyeHO mo coctaBy JLHK no- 
3BOHOUHbIX HM OCOOCHHO GOeCMO3BOHOUHbIX KHBOTHBIX. Tak, B Tune Chordata | 
v3y4eH HyKJeoTuAHBI coctas [HK HekoTopbix MJIeKONHTAaIOUMX, a TakxKe efH- 
HWYHBIX IpescTapuTeneH ppi6 (*,°), nTuy wu pentHaua (*). Mo cux mop br He | 
HMeeM JlaHHbIX o coctape JLHK semHosogubix. UTo xe KacaeTca coctapa JIHK 
6eCO3BOHOUHBIX *KMBOTHHIX, TO OH H3y4eH B elle MeHblleH cTeneHu. OtcytTcT- 
BYIOT WIM ABJIAIOTCH KpaliHe MaJIOUMCJICHHBIMM WaHHbIe 0 coctasy JLHK mper- 
cTaButese TunoB Protozoa, Porifera, Coelenterata, Bcex TumoB uepBer, Mol- | 
lusca; B Apyrux Tumax, HampumMep Echinodermata, usyyen coctaB HK ue- | 
CKOJIbKMX BHJOB OMHOFO WIM, B JIYUeM Clyuae, WByx Ksaccos (4°). JI Hb Cco- | 
BCeM HegaBHo u3yyeH coctaB J[HK HeKoTopbix HaceKOMBIX (°°), 

YcTaHoBseHHe OMX 3aKOHOMepHocTeH BUAOBON cneuu@usHoctu HK ana 
BC€X THIIOB )KMBbIX OpraHH3MOB IIpeACTaBJAeT, OeccNOpHO, Oo/IbuIOH HHTepec. 
Oco6eHHO HHTepecHO H3y4eHHe OeCMO3BOHOUHBIX HM IMO3BOHOUHBIX 2KHBOTHBIX, 
MOCKOJIbKY ITH OpraHH3Mbl, HapAyy C BbICLIMMA paCTeHHAMH, MIpeACTaBJIANOT | 
cool HavOoulee CIO%KHO OpraHH3OBaHHble HU a/leKO NPOABHHYBUIMeECA B. pa3sBH- | 
THH B Tipolecce SBOJIOWHH CHCTeMaTHYeCKMe Fpynnbl. ~ 

O6bekTaMH ucCCJIeqoBaHHaA HAMM Obl M30paHHI 17 mpegcTaBuTenen 
11 Kmaccos 8 BaxKHeHIIMX THMOB GeCHO3BOHOUHEIX MH MO3BOHOUHbIX 2KHBOTHBIX. 
B 3aBHCHMOCTH OT OObeKTA HCCIeAOBaHHA JIA aHaIH30B HCNOb30BaIN HOO 
OTJ€JIbHbI€ OpraHbl H TKAaHH 2KMBOTHOTO (rOHAaIb, MeveHb, MBI), HOO Bce 
XKMBOTHOe WeIHKOM. B nocjeqHeM Cily4ae y KABOTHOLO, ECM STO NpelcTaBA- 
JIOCb BOSMOXKHBIM, YaJIAJIM KMWeCYHHK, TaK KaK HaXOJAMecaA B HeM Movynepe- 
BapeHHble MHULeBble MACCbl HIM CHMOHOTHYeCKHe OpraHH3Mbl MOrM Obl UCKa- 
3HTb pe3yJIbTaTbI aHatH30B. Jima usysyeHua coctasa JIHK Hamu mpuMenau- 
CA MeTO XpoMaTorpapuu Ha OyMare B CO¥eTAHHH C yJIbTpaduoseToBoH cme- 
KTpodoTometpveH, B MoqupukKanun CnupHHa u BenosepcKoro, omucaHHblit 
pauee (1°), 

Jlanuble, MpeqcTaBeHHble B HacTosMeh paOoTe ABJIAIOTCA CpeHUMM H3 He | 
MeHee vem 3—6 OTJCbHBIX ONpeReIeCHHH B KaKIOM H3 JByX MapaJebHbIXx 
rHApOMM3aTOB. OHAaKO B OOJIBINHHCTBE CY 4 aeB, JIA MpOBeACHUA CTATHCTH4eCKOH © 
OOpaOoTKH MOJIYYeHHBIX pe3yJbTaTOB KOJIMYeCTBO THApONMsaTOB yBeJIMUH- 
BaIH Jo 3—5, a YHMCNO Napawieteh B KaxKLOM THopomusate yo 6—9. Janie | 
O HYKJIeOTHHOM cocTaBe JIHK no3BoHOUHBIX HM GeCMO3BOHOUHEIX 2KHBOTHBIX CBe-- 
WeHbt B Taba. |. 

Kak oka3aIM MpoBeqeHHble ucceqoBpanua, JLHK scex u3y4eHHbIxX Hama 
2KHBOTHBIX OTHOCHTcH K AT-Tuny. J[anHbie no coctasy JLHK scex u3y4eHHbIx 
BUOB COOTBETCTBYIOT TaK Ha3bIBaeMbIM «paBHiam Uapradia», cormacHo Ko- 
TOPbIM OTHOIMeHHe COsepxKaHHA MypHHOB K MMpHMuyzuHam (Ilyp/IIup), aqeHuua 
K THMuHy (A/T), ryaHuua kK wuTosuny (T/L) wu A + U/l + T a HK zomxuer 
ObITb PaBHBI WIM O1M3KH K euHue. TloKa3aTenb cneumpuyHocTH cocTaBa 
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9 
THK — ornomenue T + LU/A + T — y uayaenntix Bugos Bappupyer B mipe- 
qenax ot 0,57 no 0,98. IIpu paccmorpenun coctapa JIHK muoroKseTouHnIx xKU- 
BOTHBIX B CHCTeEMaTHYeCCKOM acneKTe OOpalaeT Ha CeOa BHHMAHHe ero 6H3KOe 
CXOJCTBO HJIM [ake UJCHTHYHOCTL y MpescTaButeseH BeCbMa OTJaJICHHBIX TH- 
MOB: y ryOKH, aKTHHMM, MOPCKOrO exKa, MOJJOCKAa, MaHKTOHHOrO pauka, 3eM- 
JAHOrO YepBA H JArywKu. B To xe Bpems coctaB JIHK y uetbipex u3yyeHHEIX 
mpezctaputesiei Tuna Mollusca uu y oByx mpesctaputened Kmacca Crustacea 
OOHapyKMBaeT CTATHCTMYeCKH JOCTOBepHble BUZOBLIe pasmuus. VnTepecuo, 
yTo B Tune Mollusca yyanocb noka3aTb Hamuune JIHK kak camoro BBICOKOrO 13 
M3BeCTHBIX [JIA OeCHOSBOHOUHEIX XKMBOTHBIX (1), Tak HM Camoro Hu3KOrO AT-TuNa 
AIHK. Y npeyctaputene storo Tuna HaGmogaeTcH OTYeTIMBO BbIPAKeHHad 


Tear6or nenae 4 


HykseoTugupli cocras JLHK 6ecnosBoHouHbix H MO3BOHOUHBIX MKMBOTHBIX 


Ocuospanus, Mom. % 
IJpemapatT aa uccae- SRST Ree Tie 
Buy uau rpynna = Sa | Se és peed ut 
mopanua. JIHK r | A | ul | 7 | up |A+O|A4+T 
b Tun Protozoa, kmacc Flagellata 
Schizotrypanum cruzi | Lenni opranusm § |24,7| 25,3 [24,7|25,3] 1,00 | 1,00 | 0,98 
, Tun Porifera, orp. Cornactispongida 
Homoeodyctia palmata | Hen opranu3sm [19,9] 30,0 |19,9/30,2| 1,00 | 1,00 | 0,66 
Tun Coelenterata, nok. Hexacorallia 
Actinia equina | Lenni opranu3m |20,0\j 30,3 [19,4/30,3] 1,01 | 1,04 | 0,65 
Tun Echinodermata, xmacc Echinoidea 
Echinus esculentus Touagpl 2022) 30,0 19, S29 9-1 a0t | 4,00) |-0 16 
Strongylocentrotus droe- » DIP O28 Ora 29ene4 00 Wt O40. 72 
bachiensis 
Tun Echinodermata, knacc Ophiuroidea 
Ophiopholis eculeata | Touazt - [19,0] 30,4 |19,0)31,6] 0,98 | 1,03 | 0,64 
} Tun Mollusca, xnmacc Bivalvia 
Anodonta sp. Tleuenb 18,4] 31,6 |18,5/31,5) 1,00 | 1,00 | 0,58 
Pecten islandicus Touazp 20,0] 30,2 |20,0/29,8] 1,00 | 0,99 | 0,67 
: Tun Mollusca, xacc Gastropoda 
‘Buccinum undatum Morb! 2325) 26,6 123, 412620 ode 1,00 | 0,88 
Patella sp. Tonal 18,41 3230) (18, 2131, Hed OOM} HO: | o's 
Tun Arthropoda, knacc Crustacea 
Calanus finmarchicus Hensiti opranusm 20,4] 29,6 |20,4/29,6] 1,00 | 1,00 | 0,69 
Astacus fluviatilis Momupi 2a 2 le Ogle Sle to tll Tle Ceoo ime see 
; 
Tun Arthropoda, knacc Insecta 
chironomidae (amunuKn)® Henri opranusm [19,6] 29,9 |19,9]30,6/ 0,98 | 4,04 1-05.65 
Tenebrio molitor | » » 20,5} 29,7 |20,3|29,5| 4,00 | 1,00 | 0,69 
Tun Annelides, xmacc Oligochaeta 
Lumbricus terrestris | Leni oprazusm |20,3| 29,7 |20,0/30,0| 1,00 | 1,01 | 0,68 
Tun Chordata, kmacc Pisces 
Biirus prasostictes | TIleyenb [24,0] 29,4 |21,3|28,3] 1,02 | 0,97 | 0,73 
Tun Chordata, xnacc Amphidia 
- p 
Rana temporaria TleyveHb Pat 30,0 Psat 1 00 1545, CO 105 bi 
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BUOBaA CHelMpuaHocTh coctaBa JLHK. BecbmMa BepoxTHO, 4TO y OpraHu3mMoB 
C OIM3KHM HIM HeHTMYHbIM CoctaBom JTHK ee cneynpuaHoctTs onpesesetca 10- 
PAKOM paciOOKeHHA OTACJbHbIX HYKJICOTHOB B MOJIeKyJIe MOJIMe3OKCKpH- 
OoHYyKJIeoTHa. 

B weom nouy4eHHble aHHble MOATBepKaloT paHee BbIABHHYTOe Mpeso0- 
*Kenue, uto coctas JIHK spiciiux pacTeHvi M %KMBOTHBIX NOLBepxKeH 3HauH- 
T@JIbHO MCHbUIMM KOJIeOaHHAM OT BUa K Buy, 4em coctaB JLHK pauee uccuie- 
JIOBAHHDIX HH3UIMX OpraHu3MoB. MutepecHo, uTo cocras JLHK w3y4eHHbErx' 
HaMU %KHBOTHBIX BaPbupyeT B Mpelesax, YKa3aHHbIX paHee JIA BbICIUHX pacTe- 
Hui (*7). 

B To »e Bpema Mexkay JLHK pactuterbHoro M %KUBOTHOTO MIpOHCXoOxKeHHA| 
cyulecTByeT BaxKHOe OTM4He B CocTaBe. MeToqomM xpomaTorpaduu - Ha Oymare| 
B CHcTeMe Hop6yTaHOJI — Boa — aMMHaK B CO4eTAaHHH C yJIbTpadvoeToBoH| 
cieKTpooTomeTpHelt HaM He yaloCb MOKa3aTb HamM4na B coctaBe JLHK Oomb- 
WIMHCTBa H3 M3YYeHHbIX HAMM 2KHBOTHBIX 3aMeTHBIX KONMYeCTB (Gomee 0,5%), 
MATOrO OCHOBaHHA — 5-MeTHJIMMTO3SHHAa, KOTOpPHIM BCerga MpHucyTcTByeT! 
B JTHK suicuux pactennii ("7, '*). Mut mpoBoaqusu cpaBHUTebHYylO Xpomatorpa- 
(puiO B OJHHX M TeX %Ke ycoBHAX ruApomMsaToB JTHK s3apospiieH mueHuubt 
HM OeCMO3BOHOUHBIX KUMBOTHBIX. IIpu paccMaTpHBaHHu XpOMATOrpaMM Ha YJIbTpa-| 
X€MHCKONe OTYeTIMBOe MATHO 5-MeTHJIMUMTOSHHa HaOMOLalIOcb TOMbKO Ha 
XpoMaTorpaMMax c ruypomnsatamu JIHK 3apompiiie nuleHHIbl. Qu0aTbl COOT- 
BeTCTBYIOMeH 3OHLI HA XpOMaTOorpaMMax c rua~pomM3satamu JLHK 2KHBOTHEIX O0- 
WaqaiH CaObIM MOrIOULeHHeM B YJIbTpaduoweTe, OMHaKO XapakTep cneKTpa 
MOPIOWeHUA UM JIOKAJIM3allHA MAKCHMYMA COOTBeTCTBOBaJIH He 5-MeTHJILMTO- 
3HUHY, a aeHHHy WIM THMHHY,— BepOATHO, 3a CUeT HeE3HAYUTeNbHON COpOuMA 
Ha OyMare CJI€OBbIX KOJIMYeECTB MIPOMIeMMIHX 4epe3s SJIOMpyemMy!o 30HY OCHOBAa- 
Hui. CieqyeT OTMETHTb, UTO XpOMAaTOrpacH4eCKH MbI MbITAIMCh MAeHTHUILUpO- 
BaTb 5-MeTHJIMHTOSHH B THXpomH3aTax, cosepxamux oT 100 go 2500 pmo. 
OCHOBaHHA Ha NATHO. B cayadae BbICOKMX KOHILEHTpallui MpHMeHAMaCb XpoMaro- 
rpaduyeckaa OymMara BaTMaHH SMM, no3Bo1sI0l ad HAHOCHTb Ha XpaMaTorpaMMy 
OOuIbIIMe KOMMYCCTBA THAPOMMZaTa M falolllad WpekpacHoe pa3feseHHe OCHO- 
BaHWi BO BCe€X IIPHMeCHABLIMXCA CHCTeMax pacTBopuTeseH. Takum o6pa3om, 
BbIBON, CeIaHHbIit OJHHM H3 Hac paHee, O TOM, 4TO pacTuTerbHbIe JLHK xapak- 
TePH3ylOTCA Ooee BbICOKHM COJep2%KaHvemM 5-MeTHJIMLUTOSHHA, BUAMMO, MpaBH- 
Jen (7). | 

IIpunagmexuocts JLHK 2KuBOTHBIX HM BbICIIMX pacTeHui K OHOMY HM TOMY >xKe 
AT-Tuny Mo3BOuIdeT MpeqONOKUTb, YTO MaHHEI coctap JIHK, BO-II€pBbIX, 
YKa3bIBaeT, MOMKeT ObITb, Ha OOM[HOCTb «OM3KOrOy» IBOJIOIMOHHOTO mpeqka 
BbICHIMX PaCTeHHH M 2XKMBOTHBIX, HM, BO-BTOPbIX, TO OH KaKMM-TO OOpa30M 
OTpaxkaeT BbICOKHH YPOBCHb OPpraHH3allMH CTpoeHHaA 3THX OplaHH3MOB 
(MHOroKsleTOUHOCTh, AubpepeHuMpoBKa Ha OpraHbl HM TKaHM HM T. J.), COOT 
BeTCTBYION[MH CHCTeMaTHYeCKOMY MOJIO*KeHMIO CpaBHHBaeMbIX Ipylmn opra 
HH3MOB. 

Kak 3T0 BHAHO u3 Tada. 1, cocras JIHK equncTBenHoro u3y4eHHorO HaM 
OAHOKTCTOYHOrO MpeACTaBHTeIA PPYyNMbl WapasHTHyeCKHX MpocTeHWIHx, Bua 
Schizotrypanum cruzi 3HayuTembHo oTMuaetca oT coctasa JIHK azpyrux 
M3Y4eHHbIX BuoB. B HacToslee BPeMA HAaKOMMeHO OYeHb MawIO MaTepMaia 
0 cocrape JTHK nmapa3utuueckux cbopM mpocteliiMx HM MHOrOKJeTOUHBIX 6ec- 
MO3BOHOUHBIX. [losTOMy Mbl MOxKeM TOKO MpeqMoOaratTh, TO napasHTH3M Kak 
(pOpMa CykeCTBOBaHHA MOXKeT UrpaTb POb MPH BEIPAGOTKe B Mporecce 3BO+ 
JIOWMM ONnpesxeteHHoro coctasa JIHK. 

Bo BeaKoM caly4yae, u3yyenue coctasa JIHK sugzos OpraHH3MOB H3 THI) 
Protozoa npegctaBaaet ocobniii MHTepec, TaK KaK B 93TOH CHCTeMaTH4UeCKO 
rpyime, OObeqMHeHHOH 10 4MCTO MopdbomorM4ecKoMy MIpH3HaKy OHOKJeTOU+ 
HOCTH M CiocoOHOCTH K reTepoTpoHomy muTanuto, coctas JIHK, BeposTHo 
TNOABEPKCH SHAYHTebHO OOJbUIMM BapHalHAM MIpH Mepexoge OT Bua K BUY 
He Meee uHTepecubim mpeactapasetca Wu3y4eHHe WapasHTHuecKHX MHOFOK Je} 
TOYHBIX O€CMO3BOHOYUHBIX XKXUBOTHDIX- 
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B sakmioueHHe Mbl XOTeIH Obl BbIPaSHTb TlyOOKYy!0 MpH3HAaTeJIbHOCTh 
npod. .M. Pockuny u jou. B. W. 3auenuny 3a mpeqocTaBsieHe HEKOTOPbIX MaTe- 
pHaoB AIA MpoBeeHHA HacTosulero MCCueqOBaHHA. 


Mockosckuii rocyfapcTBeHHbIit yHHBepCcHuTeT Tloctynu10 
um. M. B. Jlomonocopa 17 III 1961 
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Jloxnagn Aragzqemun nayx CCCP et bite. 
1961. Tom 138, N85 k 


AHATOMHS PACTEHHH 


B. E. MOCKAJIEBA 


H3MEHEHHE CTPOEHHSA MOFPEBEHHOM JIPEBECHHbI COCHbI 
(Tpedcmaeaeno axademukom B. H. Cyxaueeoim 16 II 1961) 


HisBecTHO, 4TO ApeBeCHHa XBOIHBIX MOpo OGaqaeT JoMroli COXpaHHOCTHIO 
H MOXKET HAXOJMTbCH JVJINTeMbHOe BpeMA B 3eMJIe O€3 3aMeTHOFO HapyllleHua ee 
CTpoeHHA M XuMMUeCKOrO cocTaBa (1~*). E. B. Kongzpatses u M. VW. Koctuna (4), 
HCCJIEqOBaB NorpeOeHHble OOpasiibl COCHLI B Bospacte 1300—2000 wer, npwmtau 
K yOexKeHHI0, YTO COpaslibl APeBECHHLI, HAXOJMBIIMECA B pa3/IMYHBIX YCOBUAX, 
CHJIbHO PasJIM4aJIMCb Mexy coOoH. B TO BpeMaA Kak OHH H3 HAX OOHapyKuBaN 
HeriyOOKMe H3MeCHeHHs MO raBHbIM KOMMOHeHTaM, Jpyroii mperepreBad 3Ha- 
YHTCJIBHbIC H3MCHEHHA B CBO@M XHMHMYeCKOM CocTaBe. SeCb urpaeT POJIb Kak 
Mpupoa CaMoro BelllecTBa, TaK M BHeINIHAA Cpeqa, B KOTOPOH mpoucxog_uso 
ero paspyuienne. Hcceqopanusmu C. M. Maucxoit c corp. (*,°) ycraHopseno, 
4TO XMMHYCCKMH COCTAaB JIMTHMHa NorpeGeHHO ApeBecuHbI No_BepraeTca Ou0- 
JIOrHYeCKOMY PaspylleHHIO TO OoJlee MpocTHIX coeqMHeHMit. 

Cen wu Basak (*), mpopezs MHKpocKonMyeckoe nccmeqOBaHHe oOpasioB je- 
TpaqMpylouleH MPeBECHHbI, TaK%Ke IIPHUIH K 3aKJIOUeHMIO, YTO MpUposa co- 
XPaHHOCTH JPeBeCHHbI 3aBHCHT, TlaBHbIM O6pa30M, OT BHYTPeHHHX CBOMICTB 
APEBECHHBI M OKPyKalomlux ycoBHi. Cex (°,°) B cBoux paOoTax paccMaTpuBaeT 
TOHKOC CTPOeCHHEe TPCBECHHEI, IpPOse*KaBlllel JIMTebHOe BPeMA B3eMJe, a TAKKE 
MOBPexACHHOK TpHOamu. B ovenb APeBHUX BOJIOKNAX HM TpaxeMmax, Korma wes- 
JHOTO3a PaspyilleHa, OCTABLIMHCA JIMTHMH COXpaHAeT XapakTepHy!0 MUKpocKo- 
MHYCCKYIO KapTHHY CTpOeHHA JaxKe Nocwe MoOHOrO pacnaya wWedsO03HI. 
CyMMa He/IONO3bI B LerpalMpoBanHO ApeBecune moctTeneHHO yMeHbIlaeTcs, 
OTHOCHTCIbHOC KOJMYCCTBO JIMTHHHA yBerMuMBaeTca. Mccneqopanue jerpayu- 
POBaHHOH JpeBECHHEI B MOJIAPH30BaHHOM CBeTe OKa3a0, YTO YacTO CNOn 
KJI€TOUHOH CTEHKM ONTHYeCKH HeMpaBUJIbHBl, Tak Kak Terpalauua IWeJJHOO3bI 
MPOXOMHT HepaBHOMepHO B Pa3JIMYHBIX 4YACTAX OMHOM U TO %wKe TKAHH anys 

Mbt vcculexoBaH jpeBecuny, MOrpeOeHHy!O B pa3JIMUHEIX’ YCOBUAX: U3 
PacCKONOK CBaHHoro noceneHusd Crpeka B palione p. Maanousi BonoroycKon 06.1. 
(Hayao Il tTrIca4eneTua go H. 3.), mpopoyumpre mpod. A. HW. Bptocopsm, 
H H3 paCKoMoK ApesHero Hopropoza X—XV Bp., npowsBoxuMEIXx Apxeouoruye- 
ckoH HosropogcKoli skcnequtinei Apxeonoruyeckoro uucTtutyta AH CCCP. 

B Tom u J{pyrom culyyae uccneqoBaHAbe H3TeNUA HaXOQWJIHCb Ha PasJIMYHBIX » 
CTaMMAax erpakanun. Y HeKOTOPEIX H3feNUH CTpoeHMe KeTOUHEIX CTeHOK 
COXPaHHJIOCb MOMHOCTHIO; B TaKHX Cyyasnx, 110-BHJHMOMY, H XMUMHYeCKHH Co- 
cTaB He aeT pas IMUM MexKLY HaTypasbHOH U NorpeGeHHoti IpepecnHon. Cpequ 
XOPOMIO COXPaHUBINMXCA H3qeNMH BCTpeyaloTca OOpasiibl CHJIbHO erp ayupo- 
BanHble. Tlonepeynplit cpe3 TaKoii AerpaxqMpOBaHHOH jpeBecHHbI H306parKeH 
Ha puc. | (a uw 6). U3menenne CTpOCHHA OCOOeHHO 3aMeTHO B TO3THel uacTH 
POAMMHOTO Cot. Bropwunaa o6on0uKa pas6yxaer, ormensetcs OT TlepBUYHOH, 
coOupaetcs B OLHY KOMMaKTHYI0 TeMHYy!0 Maccy. B HexoToppix u3emMax Ha- 
OmoxaeTcA pasHaa creneHs AerpalalMH KJIeTOUHEIX CTeHOK OT mepHdepHH 
K WeHTpy. Hapymenne ctpoenus KeTOUHBIX CTeEHOK OOLTYHO HauuHaeTca c Kpas 
HSQC UM UeT BHYTpb. CHayana Hapynrenne CTPYKTYpbI HaOtoqaeTcA B OLHOH- 
ABYX K€TKAX, [alee 3aXBAaTLIBACT YYACTKH TKAHH, H, HaKOHell, KaK MOKa3aHO 
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Pue. 1. Tlonepeunpiii cpe3 norpe6ennoii ppeBecnHEl cocnet. Puc. 2. Pa-nanpupiit 
ad — flerpafanua mo3qnHei uacTH rojyHunHoro clos, 200; cpe3 morpe6eHHolt jpe- 


6 — Hapyluenuve cTpoeHHA KeTOUHOH CTeHKH, 6)0> BeCHHBI COCHbI. Oxarim- 
J@HHbIe mop. 600% 


"™ 


7T? weer 


Puce, 3. MatepHposan- Puc. 4. MauepupopanHbti matTepnan. Tpaxenjla 
HbIM MaTepnan. Tpaxen- CHIbHO JerpaqipoBaHhon JpeBecHHh COCHBI ¢ M0- 
Abt CO  CMHpavibnolt MepedHbIMH CMMPaIbHbIMH yTOJIULeEHHSIMH 
IUTPHXOBATOCTHIO 


JIAH, T. 138, Ne 5, Mockanera 


rT 


Ha puc. 1, usmeuseTcA NOYTH BCA TKaHb WenuKOM. B GosbIIMHCTRE c1y4aeB: 
TorpeOeHHanx ApeBecnHa uMeeT HeOoMbIIHe y4acTKH C 3aMeTHBIM H3MeHeHHem 
CTPOeHMA, OONbIIaA xe YaCTh OCTaeTcCA HeMsMeHHOM. JleaeTcA NOHATHHIM, 110- 
weMy CYMMApHbI XHMMYECKMH aHasH3 He JaeT Oosbloro pasM4NA B CocTaBe 
HOPMAJIbHOH H MorpeOeHHoH Apesecunnl. Ha nposombHom cpese CHJIbHO jlerpa- 
AMPOBaHHOU J PeBeCHHE! KleTOUHAA CTeHKa TpaXeHbI HMeCeT 4ACTO BH, MOSAUKU 
C OeclopsouHO OpHeHTHpoBaHHEIMU TpelluHamu. Oxalimmenuple MOpbl Coxpa- 
HAIOT CBOIO POPMY, OMHAKO 3aMbIKalollad Nepenouka B HUX uCUe3aeT oTBepcTHe 
HECKOJIBKO YBeJIMUMBaeTCA (puc. 2). OueHb yacTo B norpeGeHHOH ppeBecuHe 
XBOHHEIX MOpod HaOvioqaeTcA ciMpalbHad wTpuxosatocth (puc. 3). Takyio 
_ITPHXOBaTOCTE MOXKHO HaOsOLaTb Y HEKOTOPBIX XBOMHBIX, HalpHMep B M103/- 
_HUX Tpaxeuax JIMCTBeHHUUbI Oe3 BCAKOH OOpaGoTKH. OOnl4HO xe AIHA onpeye- 
J€HHA yrila HakJOHA MUKPOPHOpHA WITpUxXOBaTOCTh B TpaxenHyax XBOLHBIX 
BRIABIAIOT, IPHMeHAA KHCJIOTHYIO WIM UWleOUHyIO OOpaOorKy, BbISbIBaIONLYyIO 
‘HaOyxaHue MW YaCTHYHO pacTBOpeHHe kKvieTOUHOi creHKu. specTHO, uTO B pa3- 
_AMMHBIX CJIOAX KJICTOUHON CTEHKH OPHeHTalMA MUKPOPHOpH pasnuuna. Bo 
“BHEUIHeM M BHYTPeHHeM CJ10e BTOPHYHO! OGo0UKH, CocTaBsAIOMIeH OCHOBHYIO 
“Maccy KJleTOYHOH CTeHKU, OpMeHTauMA MUKpoHOpH Onu3Ka K TonepeuHoil, 
_B TO Bp€MA KaK B IeHTPaJIbHOM C/l0e BTOPHYHOM OGOOUKH OHA MOUTH Mapau- 
“WlesibHa OCH KJIETKH. 
i Y CHJIbHO JlerpaqupoBaHHon norpeGeHHol ApeBecuH! Kpome wacTo BCTpeualo- 
UWeHCA CMMpalbHOH WITpuxXoBaTOCTH BCTpeuaach UM MoMmepeyHas WITpHxoBa- 
“TOCTS, MOUTH COBCEM He HaOsIOJaemas y HaTypaJIbHOM, HHYeM He OOpaboTaHHoli 
“Apesecuupl. JIMiub mp CHILHOH OOpaboTKe KHCJIOTOH B BONOKHeE NOABAeTCA 
‘TlonepeyHaa wWtpuxosatoctn. Ilpu Gosmee AMUTebHOM BO3JeHCTBHH KHCJIOTEI 
IUTPHXH yrsyOAIOTCA M NpeBpalaioTcA B OYeHb ryOoKHe MomepeyHble Tpe- 
‘dWuub. Crepzyoueh cTaque ruspomuTuyeckoro Bo3seliCTBUA ABJAeTCA pacnay. 
BOJIOKHa Ha Nomepeunbie oTpe3ku (11,1*). Takum o6pasom, nosBmeHMe mMomepey- 
“HOM UWITPHXOBATOCTH MOXKHO CUNTATL Culexyloulei cTaquelt Merpagamun norpe- 
OeHHOH ApeBecuHbI Noce AAMTeIDHOrO MmpeObiBaHuA B semve. Tlocne mauepa- 
‘uau B cmecu Ilyana (as0THan KucOTa C GepTomeTOBOl COmbIO) y TaKOii ipe- 
“BeCHHbI OOHAPy2KeHbI TPaxeHAbI C HEXKHEIMM WH TOHKHMH CIMpasIbHbIMM YTOVIILe- 
-HMAMM, UAYULMMM B NonepeyHOM HanpaBwJieHuH K OCH KeTKH (puc. 4). Stu Tpa- 
-X€H{IbI 110 CBOEMYy CTPOCHHIO OYeHb HanOMMHAIOT MepBUYHbIe TpaxeHAbI U3 MOUKH 


: 


_COCHEI. 


_  Iilo-Bugumomy, ApeBecuHa, norpeGeHHaa B 3eMJIe MOJBepralach pasJIM4HbIM 
'XMMHYeCKUM BOSIElCTBUAM, KOTOpbIe MejVIeHHO, HO MOCTOAHHO JelicTByA Ha 
KJIETOUHY10 CTEHKY, MOCTeENeHHO pa3pylilasu ee, NOJOOHO OLICTpO MeHCTBYIOWLHM 
XMMMUECKMM peareHTamM B JaOopaTOpHbIx ycuoBuax. Takum oOpa3som, HaOvl0- 
Bec mpowece Jerpaqawuu norpeOeHHOH ApeBeCHHbI, MOX%KHO BUeTb MOcTeneHHoe 


pactBopenue CHayaa HanOouee erKO pacTBOpUMbIX YAaCTeli KeTOUHOM CTCHKH, 
'B pe3yJIbTaTe vero Kak TepBad cTaquA erpayalun NOABAeTCA CnMpasbHaHn 
WTpuxosatocts. I]pu faibHewuimx XuMMYeCKHX BO3eHCTBHAX — B JlaOopa- 
TOpuu 3a Ooslee KOPOTKHH CpoOK, B 3eMJIe OoNee AIMTeIbHOe BpeMA — UJeT T0- 
‘CTeneHHad JerpamalluA KMeTOUHOK CTeHKH, JabHelWlee paCcTBOpeHHe LeJIIO- 
JO3bI MH OOHAKAeTCA MePpBOHAYaIbHO 3aJIOKUBINAACA CTPyKTypa, HawOoviee 
CTolikad, XapakTepusyloljasca MoMmepeyHOH WTPHXOBaTOCTLIO. ITH NepBuYHEIe: 
Opas0BaHuA 3aByaJIMpOBaHbI MO3fHee OTKAbIBAeCMbIMH MPOTONNa3MOH TA- 
Kamu MukpoduOpusn, usyunx no cnupasu. Ilonepeynyio wWTpuxoBaTocTh He- 
erKO OOHApyKUTb. DeKTPOHHEIM MUKPOCKOM 3f/eCb He MOXKeT NOMOYb 6e3 
MpesBapuTeIbHOH xMuMUYeCKON OO6paboTKH. Ota nepBoHayaibHan CTpykTypay 
KJIETOUHOH CTCHKH ABJIACTCA Tak»Ke HavOosee YCTOHYMBOH Np MopaxkeHHH 
DuOaMH UW MOXKET ObITh OOHapyxXKeHa Ha OnpeleseHHOK CTaMu NopakKeHHA. 

_ Bo3MoxHO, Ip JHTebHOM NpeObiBaHuu B 3eMsJIe ApeBecuHa, KPOMe XUMH- 
'Weckux npeBpawleHui, mo_Bepraetca Takxe HM jelictBuI0 rpu6os. Bonpoc stor 
TpeOyeT cneuvaibHoro u3y4eHHA. 

| B pe3yanrate nainx ucceqoBaHuii ycTaHoBJIeHO, 4TO CTeneHb Jerpayalun’ 
jOrpeOeHHOH [peBeCHHbI COCHbI MOXKHO OMpeseATb 10 H3MCHEHHIO CTPOeCHHA 
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KneTodHolt CTeHKH. Y Xopoulo COxXpaHHBUlelicA ApeBeCHHbl KleTOUHAA CTCHKA 
MO CBOeMY CTpOeHHIO He OTIMMAeTCH OT CTCHKH HaTypaJbHol npeBecunbl. Ilep- 
Bas CTeleHb Jerpawalun XapakTepHsyeTcA MOABJCHHCM CHUPaJIbHOW LWITPHXxO- 
BaTOCTH K/leTOUHOM CTeHKH. Bropad cTeneHb ferpaallHu — MOABCHHEM T10- 
HepeuHOl WITPHXOBATOCTH KJeTOUHOH CTCHKH. Tperba, H NocieqHAA, CTeMeHb 
erpaannu — OechopAAOUHbIM PaCTPeCKHBAaHHeM KJeCTOUHPIX cTeHOK B BHJe 
MO3AHKH. 

Bonpocbl, 3aTpoHyTble B aHHOH CTATLe, TpeOylor Oouee rayOoKoro uccue- 
OBAHUA C TIPHBJIeYeHHeM pa3JIMYHbIX MOpO APeBeCHHbI, morpeOeHHbIx B 
pasHooOpasHnblxX YCJIOBHAX. : 
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PH3HOJIOPH fA PACTEHHH 


M. f. 3AMWEBA wu B. A. NMO3HAKOBA 


HEKOTOPbIE OCOBEHHOCTH NOUBEHHOrO MHMTAHHWSH PACTEHWM 
HA KPAHHEM CEBEPE 


(IT pedcmaeaeno axademukom A. JI. Kypcanoesim 2 Il 1961) 


Ilpu BbipatiuBaHnu muenuy Ha Kpainem Cepepe (Anatutst MypmancKkon 
o6n., 67,5° c. mw.) u B MockBe Ha6soganuch pa3M4uA B a30THOM OOMeHE pa- 
cTeHuH. B ycuIoBHAx CeBepa YBeJHYMBaOCh COsepmwKaHhe AMMOB B JIMCTbAX 
pacTeHHH, XOTA OOmlee CosepxKaHHe a30Ta OblvIO Hue, YeM B MockBe. Tak Kak 
STU PasIHYHA UCuesaIU, KOla PaCTeHHs BbIPALLMBaJIMCbh Ha MO4Be, MpHBeseH- 
HOH 43 MockBbI, MOXKHO OblwIO IpenodaraTb, YTO OHH CBAZAHbI C OCOOCHHOCTAMU 
ceBepHow mouspl (1). EcrectBeHHO BO3HHKaeT BOMpOc, KakHe Ke OCOOeHHOCTH 
cocTaBa™ MOYB UMEeIOT pelliaiouiee 3Ha4eHne. 

TopMoxeHHve CHHTe3a OeIKOB MOXKET HaGJIOLAaTLCA B Pa3JIMYHbIX YCJIOBUAX, 
HallpHMep, lip HesOCTaTKe TaKUX 3JIeMeHTOB MMHepaJbHOLO MIMTAaHHA, KaK Ka- 
smh u docdop. ObnrmHo 9TO CoMpoBOxKLaeTCA HAKOMJICHWeM HeOEJIKOBbIX COeIH- 
HeHHH, H B “aCcTHOCTH amuyoB (* °). [loceqHee MO*KeT YCHJIMBaTbCA TPH yBe- 
JIMYCHHM OTHOIMICHHA KaJIbUlMA K Kalo (“).  ~ 

YunTbipad OCOGeHHOCTH CeBepHLIX 04B, OoraTbiX COeAMHEHMAMM *wKelesa U 
aJHOMMHHA, MOXKHO OblIO pesmoaratTb, 4YTO pellaloulMM (hbakKTOPpOM MOAKET 
ABUTbCA O€IHOCTH JOCTYMHBIMH Jd pactenuit cocdatamu(* *). C wembio npoBepku 
yka3aHHOro MpesMooxKeHUA Obl MOCTaBJeH BEreTAUMOHHbIM OMbIT, B KOTOPOM 
VCHBITHIBAIOCh elicTBHe pa3.IHUHEIX 03 yAOOpeHHii Ha MecTHOM ceBepHoi 
noupe (xKesesucTHI mof3071). O6beKTOM HCCJleqoBaHHH CJlyKuJIa MWeHMILa 
copta JlioTecuenc 62, nomyueHHaa us Capatosa. 

MeTogauxka. Onbit ume culezyoulve BapHaHTbI: MeCTHaA, CeBepHad 
noupa (C/]) 6e3 BHeceHUua cpoctbopa, HO C OObIMHbIMM O3aMM a30TA HM KaJIMA — 
NK, ¢ nomHoi nutratenpHoi cmecpio — NPK, ¢ yABoeHHOH 030M a3z0Ta C 
ebIO CO3LaHUA OO/IbUIOTO H3OLITKAa a30TA TIPH OObIYHDIX osax KasMA UM Choc- 
copa — (2N)PK u c yaBoeHHol 030K docopa Mpw HOPMaJIbHbIX 103ax Ka- 
gma u azota — N(2P)K. B KoxTpowbHOM BapHaHTe paCTeHHA BbIpalllMBaIMCh 
Ha MocKoBCKoi nMouBe (MJ7) c nomHOH MuTAaTebHOK CMeCbIO — NPK, mpuuem 
mouBa Mepe HaOMBKOM COCyOB CMeLIMBalach C MeCKOM B OTHOLICHHH re F 
@ochop BHOCHJICA B BHe KH.PO,, a30T B dopmMe NH,NO,, KouiuuectBo kaJinA 
JIOBOJHJIOCb JO HOpMbl OOaBJIeHHeM KCl. 

Y6opka pacteHuii MpousBoyMacb B HeCKOJIbKO CpoKOB — B MepHod Ky- 
weHua, TpyOKH, uBeTeHua u cospeBaHua. IIpu c6ope poO Y4HTbIBAJIMCh CbI- 
pol u Cyxoi Bec HCTbeB, CTeOJeH, KOpHeii H KOJIOCbEB, a B TlepHo CospeBaHHA 
TakxKe 3JIeMeHTLI CTpyKTYpbI ypoxasa (oOmlee YHCO KOMOCbeEB Ha OMHO PacTe- 
HWe, YHCIO KOJOCKOB B KOJOCe, YHCIO 3epeH M UX BEC). Matepvaa JIA aHa- 
JM30B (PUKCHPOBAaJICA MapoM H 3aTeM BbICYWIMBAJICA IIpH 40°. B cyxom mMaTepH- 
ale onpelemamuch oOOuMh, 6eJIKOBbIM, AMHMHbIM a30T UW COCTaB CBOOOMHbIX 
aMMHOKuCAoT. OnncaHHe aHasuTHYeCKHX MeTOMOB OblIO WaHO paHee (3), 

Pe3yIbTAaTHI OMbITA MOMHOCTHIO NOATBEPAMIM MpeANOJOKEHHE O rosjosaHun 
B OTHOWIeHHH (boctbopa, TaK KaK HMeHHO yBeJIHYeHHE 103 tpoccbopa (BapuaHt 2P) 
CTUMYJIMpoBaO HaKorJeHHe a30Ta HW CHHTCS 6e1KoB. CojepxKaHve aMHOB 
TIpH 9TOM CHHxKasOCcb (Ta61. 1). Takum o6pa30M, YABOe¢HHaA 11034 tpocrpopa 
yMeHbilana pa3z/M4HA MexKily pacTeHHAMH, BbIpallleHHbIMM Ha MeCcTHOK U 
MOCKOBCKO/i MouBaX, OJHaKO OHA elle HeocTaTO4Ha, YTOObI UX MOJIHOCTbIO 
ycTpaHuTb. 
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CumxKenve colepxkKaHuA a30Ta B YCJIOBMAX HegoctaTKa ociopa, OYCBH AHO, 
OObACHACTCA TOHWKEHHEIMM TeMIaMH MOCTYNJIeHHA a30Ta, HACKO/bKO 06 3TOM 
MOXKHO CYJMTb 110 HEKOTOPLIM JIMTepaTypHBIM aHHbIM (*), a Tak%Ke M0 KOJIM- 
yeCTBY a30TA, HaKallJIMBaeMOrO B JIMCTbAX HM KOPHAX PacTeHHH (B MHJIIMrpamM- 
max Ha 100 pactenuii, B dbasy KyuleHua): 


MII+-NPK Cl4+-NK CH+NPK  CII+(2N)PK C/+N(2P)K 
JIueTbA 314 95,2 105 156 152 
Kopuu 115 123 135 150 138 


Ypeuyenne 03 doctopa MpHBOAMIO K CYeCTBCHHbIM H3MeHCHHsM COr 
cTaBa CBOOOMHBIX AMHHOKUCIOT. SamMeTHOe CHMKeHHe HaOMIOLaNIOCh HMCHHO 
B Tpyiie AMMHOKHCJIOT, C MOBbILIeHHbIM COLepxKaHHeM a30Ta B MOVIEKYWJe ().- 
Tak, Harpumep, Mp MpoBeseHHM KayeCTBeHHbIX peak Ha. WATPyJWIMH (445 
12) 8B KOPHAX pacTeHuit Me*KAY OTAebHBIMH BAapMaHTaMM HaOMOLAMMCh CJeAy- 
roulve pasmuuua: 1) MIT + NPK < CII + NPK > CH + (N2P)K; 2) CHT + 
--- KN > C/T + (2N)PK > CH + NPK. 

Bau3kue COOTHOMeHHA MEKLY BapHaHTaMH ObIJIM MOWyYeHb! Take MO CO- 
jlepxKanmio ~apruHuna. W3 rpynnbl coeqMHeHH C BbICOKMM COfepxKaHHeM a30Ta 
B MOJeKyJle y pacTeHuli, Ha CeBepHOM >xKese3sHCTOM Toss0le, OOHAapy2KHBa~ 
JIMCb JIM3HH, THCTHMH WM OPHUTHH, a Tak»%Ke ObIIO MOJYYeHO HeCKOJbKO MATCH 
C OKpackoi, XapakTepHOH JIA aaHTOWHAa M aJWIaHTOMHOBOH KucuOTHI (1), 
IIPHCyTCTBHe KOTOPbIX B MpOpocTKax MIMeHHUbI OTMeYaOCh APyrHMH aBr 
Topamu (18,14), 

B KOpHAX pacTeHHi, MCMbITHIBABINX HeocTaTOK (ocdopa, OOHAapyxeHBI 
TakxKe KaKHe-TO apOMATHYeCKHe AMHHBI, KOTOpble MOKA He yaJloCcb UeHTH- 
(puulMpoBaTb. B cmecax OyTaHOJIa c yKCyCHOM KHCJIOTOH OHM pacnosarasuch 
B OJHOM CjIy¥ae BOM3H MATCH TPeOHHHA, B APYyrOM HeCKOJIbKO JlaJIbllle MATHA 
aJlaHuna. 

B sapuantax C/7--NK u C/J-+-(2N)PK 6n110 o6HapyxKeHO BellleCcTBO, MOJIO- 
XKUTeJbHO pearupoBaBllee OMHOBPeMeHHO C KUCJIbIM PaCTBOPOM G-HadTosa U 
C MapaamuHobeH3abyerugom. B ppyrux BapwaHTax OHO oTCyTCTBOBaloO. Ha 
OCHOBaAHHH peaKUMH C a-HaPTOJOM MOKHO NpesnoaraTb, YTO 3TO yrwJieBOR. 
PeakulnnA Cc MapaaMHHOOeH3aJiberuqOM YKa3bIBaeT Ha TO, YTO 9TO KeTO3a 
(ie ot): 

PacTeHua, BbIpallMBaBLIMeCA Ha CeBepHOH NMOUBe, OTJHUAIHCb MOBDbILeH- 
HbIM COjepxKaHhemM cepHHa u rviMwuHa (puc. 1). STH ABe AMMHOKHCJOTHI, M0- 
BHJMMOMY, TreHeTHYeCKH CBASAHbI Mexy coGoli. He TombKo Ha Mpenapatax 
(pepMeHTOB M B romoreHaTax (7°), HO MH B 2KMBOM pacteHuy (?7,1°) noKasaHa BO3- 


TaOauna tl 


Msmenenve CojepxKaHuA a30THCTbIX BeleCTB B JHCTbAX MWeHHUbI B CBASH C yCOBMAMH 
IMTaHMA (CpeqHHe MaHHble, B MpOWeHTaX Ha BO3AYUIHO-cyxol Bec) 


Kyujenue | Tpy6koBanne 
Bapuaut 

Noom N6enk Nue6enk Noony Noenk Nye6enK Namuru 
MII +- NPK 4,53 4,08 0,45 4,59 3,00 1,00 0,030 
Cll + NK oot yy 0,45 2,93 2,16 0,77 0,066 
CII -- NPK 2,93 2,09 0,34 2,90 Pot 0,69 0,054 
CII + (2N)PK 3,29 2,63 0,66 3,04 2,04 0,97 0,102 
CII -- N(2P)K 3,32 2,86 0,46 3,57 2,84 0,74 0,042 


MOAHOCTh OOpasoBaHUA CepuHa U3 PIMUMHA, IyTeM MepeHoca MeTHJIbHBIX rpyni 
Ha MOJleKyJly ruaimuuHa (1°). TIpequecrBeHHuKOM TVIMUMHa MODKeT CJLY2KUTb 
MIHOKCHJeBAA KHCOTA, OOpasyioulancA, KaK OblIO NOKa3aHO Ha MIpopocTKax 
MMCHHIbI, H3 aJJaHTOMHa B pesysbTaTe ero rugpouusa (19,14) 
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7. 


eres * Fees oe * 


B ycnosuax tbocopHoro rovloqaHuA, B KOpHAX pacTeHuit uMeeT MecTO HakO- 
muieHve anmantTouHa (*). MoxHo npesnonmaratTb, 4YTO NoceqHuH, Nonalan B Has- 


3eMHbIe OpraHbl MH NoOsBepradcb TaM rHJ- 
pomusy, JaeT Hayao TIMOKCHIeBO KKC- 
JloTe HW flaiee PJIMIMHy MW CepuHy. 
YsemmueHve 03bl (bocdopa B BapHaHTe 
CIT+N(2P)K npHBosHsio K NOBbILIeHHIO Co- 
JlepxKaHUA acaparMHoBol UH rilOTaMMHOBOlt 
KucoTHI. [locueqHee Kak OyjTO Obl cBUJe- 
TeJIbCTBOBAIO O TOM, 4TO cocdop croco6- 
CTByeT OOpa30BaHHl0 FpPyNMbl KeTOKHCJOT, 
B OTHOUICHHM KOTOPbIX MOKa3aHa BOSMOX*K- 
HOCTb fipaAMoro aMHHupoBaHuA. B yacTHo- 
cTH y mimeHnupt (?',?*), BbIgereHbI cep- 
MeHTHBI€ CHCTeEMBI, CIOCOOHbIe OCYyILeCTB- 
JIATh TakMe peakunu. Hakonsenne acnapa- 
THHOBOM KMCJIOTbI MOXKeT ObITh TpecTaB- 
JieHO MHaye: KaK pe3yJIbTaT B3aMMO/eH- 
CTBHA cepHHa Cc OfHOH MovleKyJIOn 
MypaBbuHou KucroTEI ("*). Haxkorsenne 
JIPYTUX AMMHOKHCJIOT, OOpasyiolINxcA B 
‘peakUMAX MepeaMHHUpOBaHHA, IA KOTO- 
PbIX HEOOXOLUM NUpHLOKCaIEocdat, o1e- 
BHJHO, BCe elle TOPMO3HJIOCb HeOCTATKOM 
‘ocopa, yiBoeHHaxA ero 03a He KOMIICH- 
CupoBasla jepulutTa, MocTymHoro [WIA pa- 
-cTeHuit docdopa B mouse. Ilostomy ux 
-cojleps#KaHue CylleCTBeHHO He MeHAJIOCb. 
M3meHenual B OOMeHE BeLICTB B CBASH C 
Pe@XKMMOM IIMTAHHA ObIIM HaCTOJbKO Tvly- 


Puc. 1. Cao6oxHble aMMHOKHCOTH B KO- 
PHAX pacTeHuh. Xpomatorpamma Bbitlovl- 
HeHa B (penoste. J, J] — C/T -+- N(2P)K, 


"> ~ 


a ee i a. ae 


IT], [1V—CIT+-NPK, V, VI—M/1+-NPK; 
J — acnaparnnopad KucoTa, 2 — riio- 
TaMHHOBaA KHCuOTa, 3 —cepnH, 4— 
TinwHH, 5— acnaparnH, 6 — alaHnu 


‘OOKMMH, 4TO HaGMOMaHCh pas/IM4HA Mex*K- 
ALY OTMeMbHEIMH BapHaHTaMH OFIbITa 10 
‘TeMMaM pa3sBUTHA pacTeHuh. OueBuHO, B 
CBA3M C HegsocTaTKOM cpocdopa 3afepxKKa 
B HacTylJeHuu cba3 B MepHol MexKy KYULCHHeM i TpyOkou focturana 2— 
4 juefi [Ip STOM CHW KAaIMCb TeMMbI HaKOMICHHA CyxOro BeulecTBa. Bee 90, 
'B KOHUe KOHWOB, CKa3aIOCch Ha BeJIMYHHeE ypOKaA 3epHa He TOMbKO 3a CueT 
Beca CeMAH — YMeHbIlaloch TakxKe UX 
KoOIM4eCTBO (TAG. 2), 

Anasiv3 NOJYYeHHbIX JaHHbIX BCIOLLY 
BHIABIACT MOMO*KUTeNbHOe feHcTBHe Ha 


Ta6auna 2 


HaxonmseHue cyxoro BelllecTBa Hu H3MeHeHHA 
BeJIMUMHbI ypowKat 3epHa B 3aBMCHMOCTH 
‘OT ycOBHi MuTaHHA (B TpaMMax Ha 100 


pacrenuit) CeBepHOH MOUBe MOBbILIEHHbIX 7103 (poc- 

— dopa. Ilostomy pacteHua pBapnanta 

Cyxott pec eet CII+-N(2P)K oco6enno 61u3ku jake 10 

Bapuaut (BocKoR. BHELIHeEMY BUY K KOHTpOJIbHbIM M// +- 
STAGE RYOKO pp GMCs) + NPK (puc. 2). B To xe Bpema 6onb- 

woe CXOCTBO Ha6sI0sa0Cb B BapHaH- 

MIT+NPK | 18,9| 48,4 47,42 tax Cl] + NK u C/T + (2N)PK, kak 
CII + NK 44.6 | 21,0 19,78 6yITO Obl yKa3biBalolllee Ha TO, YTO MOBbI- 
CIT + NPK 14,0 24,5 28,78 IUe@HHaA 11034 a30Ta 63 JONOMHUTeMbHOFO 
CII+-(2N)PK | 13,4) 22,3 11,99 BHeceHuaA (poctbopa AelcTByeT aHasiorn4- 
‘CIT -+-N(2P)K | 15,1 | 32,1 aT a HO jeduuuty cocdopa, 470 B OOLeM 


corjacyetca c (73,74), 

B 9THx BapwaHTax HaOmOfa0Cb H3MeHeHHe OKPaCKH HHKHAX  JIMCTbEB 
B pe3y/IbTaTe HaKONNeHUA aHTOWMAHOB M B /abHeiMIeM HeKpo3. Oven sno, 
BbICOKHe O3bI a3OTHBIX yoOOpeHHii, KOTOpble peKoMeHfoBasHcb AA palo- 
nos Kpafinero Cepepa B CBA3H C MOHM?KeHHbIMH TeMIIepaTypaMH TOUBbI ¢) 
1B yCNOBUAX psxja palionop KoubpeKoro cepepa He lenecoo6pa3Hbl, 10 Kpah- 
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Heli Mepe, 6e3 COOTBETCTBYIONeTO YBeIHYeHHA J03 docdatos. B To %e BpemMa 
TOBbILIeHHbIe O3bI MOCIeEMHHX OKa3bIBalOTCA BeCbMa O/larOMpHATHBIMH, TNpHyeM 
3TO OObBACHHeETCA He CTOJbKO 
BJIMAHHeEM TeMMepaTypHOro pe- 
2>KMMa KOPHeEOOHTAaeMOH 30HbI 
(75-25), CKOJIbKO OCOOeHHOCTA- 
MM COCTAaBa TIOUB. 

B  3aksioueHHe = cule yeT 
yKa3aTb Ha aHaJIOrHiO B Jel- 
CTBHH H€KOTOpBIX HeOuaronpu- 
ATHBIX (aKTOPOB, B YaCTHOCTH 
TOHWKEHHBIX TeMMepaTyp HU 
HejocTaTka dbocdatos. VM B Tom 
MB ApyroM cCwjyyandx MMeeT 
MeCTO TOPMOKeHHe CHHTesA Oeul- 
KOB, KOTOPOe MOxXKeT COMPOBOX- 
JaTbCH OTHOCHTeJIbHBIM YBeJIH- 


YeHHeEM COepxKaHHA AaMMOB UH 

Puc. 2° Banaue yCloBHit MMTAHHA Ha POCT MMCHHUB. perotopRIx CBOOOTHbIX AMHHO- 
tee C.NK, 2— Cl 4. NPR — Cl & ON ieee Aue 

4'— Ci] + N(2P)K, 5— MA + NPK KucsoT ('), HakonJeHHe aHTO- 

| wHaHoB u T. Mm. EctecTBeHHo 


BOSHHKaeT BONpOC, He MOTOMY JIM Tak OJIH3KH 9TH ABJIGHHA, UTO OHH 3aBMCAT 
OT OHOrO H TOrO %Ke MexaHH3Ma — OOMeHAa (ocdopHbIx CoOeMHeEHHH. 

Mtak, MpHBeeHHbIe BbILIe JaHHble CBHJCTeIbCTBYIOT O TOM, 4TO pacTeHHA,, 
BbIPallLHBaeMble Ha *KesesHcTOM nogzsoue B MypMaHCKOH OO. Ip OObISHBIX ]O- 
3aX yOOpeHUH, MCHbITLIBaIOT HexZOcTaTOK cocdopa. B 9THX YCJIOBHAX yCHJIeH- 
Hoe a30THOe MHTaHHe Oe3 COOTBETCTBYIOMero YBeJIHYeHHA 03 docdaToB cKa- 
3bIBAeTCA OTPHUaTeJIbHO Ha OOMEeHE BelleCTB H pocTe pacTeHHH. 


Vucrutyt dusHouorun pactenuu um. K. A. Tumupss3esa TloctynH0 
AxkajemuH Hayk CCCP Se lovelgei 


UMTMPOBAHHAS JIUTEPATYPA 
1M. TI. Satinesa, @usvon. pacr., 8, Ne 3 (1961)o) * Sere sc. th 11e mamas 
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Gleiter, H. E. Parker, Arch. Biochem. and Biophys., 71, Ne 2, 430 (1957). 
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. M. Masbipo, Tlousbt Xu6unckux tyHgp, 4. 1, Tp. Cos. mo u3yy. mpouss. cua, Cep. 
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PH3SHOJIOTH A 


Jl. H. HPDKAK 


KOJIAUECTBO KPOBH HW TEMOPJIOBHHA Y JKEPEBSAT 
([]pedcmaeaeno axademuxom A. H. Baxyaesoim 28 X 1960) 


XOTA NOWAIH ABJIAIOTCA AaBHUM UM BaxKHbIM OObEKTOM HCCJIeLOBAHHH B OO- 


 §laCTH CpaBHUTebHOH M CeJIbCKOXO3ALCTBEHHOH Cbu3MOJIOrMM uM MOpdouOrHH 


KpOBH, MO CHX Nop B JIMTepaType OTCYyTCTBY!IOT CBeeHHA O NpPWxAXHSHEHHOM 
OMpefesIeHUH KOJIMYeCTBA KPOBH HM reMorsioOuHa B UX OpraHu3Me B paHHHH Te- 
puog paspuTua. JlaHHble, KOTOpble OCHOBaHbI Ha H3MepeHHM OObEMA KPOBH, BbI- 


 TeKatouleli mpu 3a60e »*epedat (1,”), O¥eBH HO, 3aHWxKeHI. OTCYTCTBYIOT H yKa- 


_ 3aHMA Ha KOJM4eCTBO reMOriOOHHa B OpraHH3sMe 2*epeOAT pasHOrO Bospacta. 


B 1959—1960 rr. Hamu ObIIO MpoBeyeHO UCCIeOBaHHe KOJIMYeCTBA KPOBH 
M remorsloOuHa y 2KepeOaT B BO3pacTe OT poxyeHHg 10 | roga. B paoote ucnouE- 


-30BaHbI 2%KepeOsta oT 5 Nowlageli — MeyopcKHX MoMeceli, MOKPbITbIX *KepeOLlOM 


“TOpOsbl «pyccKuli TA2Ke10B03». 2 MaTKH NIpHHECIM MO NepBoMy 2kKepeOeHKy, OT 
3 maTok Ooulee cTapliero Bo3pacTa MouTy¥eHO MO OLHOMy wxepeOeHKy BeCHOH 


1959 r. uno oyHomy — BecHoh 1960r. Bce »uMBOTHbIe NosyyeHbl B XO3AHCTBE 


_ CesibCKOXO3AHCTBEHHOH OMbITHOH CTaHIIMH ‘Komu ACCP. Onpezenenve o6bema 
IMpKyJIMpyiollei KpOBH MpOMSBOAMIOCh C NOMOMUIbIO KpaCchTedaA «TpHla- 


pers 


HOBad CHHb». JIA pacueTOB MCMOMb30BaH MOKasaTeJIb TeMaTOKPHTa MO KpOBH 
APeMHOM BeHBI, T. €. Oe3 NOMpaBKH, KOTOpaA MIA *KepeOAT HeH3SBeCTHA. 
Kak BHIHO H3 JaHHbIx Ta6u. 1, KOmMYeCTBO KPOBH B OpraHH3Me HOBOPOxK- 
ACHHBIX 2epeOaT Beco oT 40 fo 49 kr CocTaBJIAJIO 4390—5720 cm®, H3 KOTOpbIX 
59—62% mpuxofusocb Ha maasmy, a 38—41% — Ha opMeHHbIe 3/IeMCHTHI. 
OTHOCHTeJIbHOe KOJIMYECTBO KPOBM Y OMHOAHEBHBIX *KepeOaT coctapiaso 12,2— 
15,7%, uro B 2—3 pa3a OovIbIe BeJIMUHHEI, onpefeseHHOH 110 OObeMy BBITe- 


 Kalouleli npH 3a60e Kposu (”). B cooTBeTCTBHH C HaHOOJIbIHM 2%XHBbIM BeCOM 


y x#epeOeuka JIy2KoK oKasaslocb HanOovlee BbICOKHM HM KOJHYCCTBO KPOBH — 
cable 5 1. Ilo cpaBHeHuIo c APyrHMH w%epeOATAMM STOTO BOSpacTa B aHHOM 
culyuae OObEM Ma3MbI yBeJIHYeH B OOVIbUNeH CTemMeHH, YeM o6beM COpMeHHBIX 
3JIEMeHTOB. TaKUM O6pa3oM, B OpraHusMe JIByX %KepeOAT — Jlyxka u JIuMoHa — 
OJMHAKOBOe OTHOCHTebHOe COep%KaHve KPOBH JOCTHTHYTO Pa3SHbIM cnoco6om, 
a HMeHHO — y GOovlee KpylHOro KHBOTHOrO OOVIbIIe pasBeqeHHe KPOBH. Kouu- 
yeCTBO TeEMOTIOOHHA B IWMPKYJIMpylolleH KpOBH y OJHOJHCBHBIX *epeOsT, Bec 
Tela KOTOPbIX Opist pape 40 Kr, coctapul ~19 r Ha 1 xr %uBOrO Beca, a y Jly- 
*KKa, BECHBIMero pH porweHun 49 Kr, 14,7 1r/kr, HH Ha ~ 23% MeHbIle, 4eM 
y ABYX JPpyrHX HOBOPO*KeCHHEIX. 

Ha nporsxkeHMn MepBbIx Hei NOCeyTPOOHOH *H3HH PMpocT Beca *KepeOaAT 
coctaBiiaa ot 1 no 4,1 Kr B CYTKH. ITOT ObICTPbIH POCT MpPOHCXOAH B MepHOr 
CYUleCTBeHHBIX H3MeHeHHM KOJIMYECTBA KPOBM B OPaHH3Me 2KUBOTHDIX H coylep- 
*KaHuA remoroouHa B Hel. M3 mnpHBeseHHbIX aHHbIX CyIeAyeT, YTO 3—7-j\HeB- 
Hble 2KepeOsTa XapakTepH3OBaMCb MCHbIMMMH OTHOCHTCJIbHBIMH moka3aTeJIAMH 
KPOBH HM TreMorioOHHa, YeEM HOBOPOKACHHBIC. Tax, y JlyHbl OTHOCHTesIBHOe 
cojlepxKaHve KPOBH B OpraHH3Me COCTABUJIO B 9TO BPeMA TOKO 6,9%, reMo- 
rao6una 8,2 r/kr. Y JlyKKa 9TH MoKasaTenM 3a 6 AHEM CHHSHAMCE Goulee 4eM 
papoe. M3 mpuBeseHHbIX JaHHbIX BHHO, YTO STH H3MCHEHMA ABHIHCH pesyJbTa- 
TOM ObICTPOro pOCTa XKHBOTHBIX B TEYCHHE NePBbIX HCH mocweyTpOOHOH KH3HH, 
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Taoa mia t 


Tloka3aTeu KpoBu %KepeOAT pa3Horo BO3pacTa HM Beca 


KowuyectBo remMo- 
' O6tem, cm? i rio6uHa B LHpKy- 
os oss JHP. KPOBH 
s iS) 
g 3 zs 
Kauuka, no 4 S a 5 BO 
BO3paCcT *KepebaT © oe. 5 ey] 
cE Se a cee r r/Kr 
i ge & 7 S. (sos 
A. Jlyxox 3 
4 jeHb 49 38,0 2170 3590 | 5720 AeA 720 14,7 
4 Hen. 60 32,0 1080 2300 | 3380 6;0 413 6,9 
2 He. 70 3156 1670 3630 | 5300 8,0 635 9,1 
JlyHa Q ; 
3 JHA 45 Sie st0) 4080 1840 | 2920 6,9 370 8,2 
4 HejI. 62 38,9 2640 4230 | 6870 WAS 824 133 
4 mec. 95 41,5 3450 4850 | 8300 10,8 1120 11,8 
b. Jlumou o 
1 jKeHb 40 41,0 41890 2730 | 4620 Vee. 801 20 
2 Hep. 04 38,9 = — — — — == 
3 Hel. 60 30,0 1830 3360 | 5190 9,0 080 oxT 
1 mec. 67 40,5 2040 2990 } 5030 8,0 640 936 
1 ron 181 82, o 4220 3750 | 12970 The 1425 TES 
JletyH oi 
1 HeyL. 45 39,0 1810 2830 | 4640 10,9 640 A Ane? 
2 Hejl. 56 45,0 2580 3140 | 5720 10,8 800 14,3 
1 mec. 73 Bi 2680 4560 | 7240 10,9 870 TAS 
2 mec. 100, 4: 43,0 3630 4810 | 8440 8,9 1250 42,4 
B. Jltocuk ¢ 
1 JI@Hb 40 40,0 1750 2640 | 4390 A Ore 799 19,0 
2 Hen. 04 Slime 1350 2940 | 4290 8,4 029 Oe 
1 mec. a 33,0 — — — — — — 
2 mec. 80 32,6 2190 4540 | 6730 8,9 761 9,5 
1 roll. 185 Pah Al) 3000 9610 | 13160 Thao op AO. 6,0 
JlnaunyT 
3 He 40,5 43,0 2060 2730 | 4790 Aiea 700 Aas 
1 Hen. 49 39,0 2110 3230 | 5340 AA RD 640 eal 
2 Hen. 62 44 ,0 4930 2790 | 4720 Sel 604 9,8 
41 mec. 70 4T,5 3250 3090 | 6840 AGe 794. AM lies? 
2 Mec. 109 38,5 3120 5000 | 8120 7,9 1050 9,6 
TI. Kasax J 
4 Mec. 67 39,0 2790 4370 | 7160 ale 1030 home. 
2 Mec. 94 44,5 4450 9000. | 10000 ditileaee 1460 “GYRE 
3 Mec. PAB) 39,0 5340 7110 | 12450 10,0 1460 Nhe 
Ji. Kama 
4 Mec. 57 48,9 2790 3810 | 7330 13,6 1260 yas 
2 Mec. 82 38,95 3250 0210 | 8460 10,9 1400 Noyes 
3 Mec. 81S} 42,5 4870 6630 | 11500 10,8 1700 (ayaa 


auth eked 4auHue. A—matb Hopka; B — matb Typuctka; B — Matb Jluna; IT — matb Bona; D— 


TPHMCM BEC Tela YBeIMYMBAJICA ObicTpee, YEM KOJIMYECTBO KPOBU, SPUTPOMUTOB 
4 remorso6uHa. Hanpumep, y JIununyta 3a 4 mua Bec Tena Bbipoc Ha 21%, a 
o6bem kposu — ua 11,5%. IIpu atom macca SPHTPOUWHTOB MpakTH4eCKH He H3- 
ve (ipupoct Ha 2,4%), B To BpeMa Kak OObeM Ma3MBI YBeJIHYHJICA Ha 
18,3%. Cuwakenwe oTHOCHTeIbHEIX noKasaTeneit KPOBH, e€CTeCTBCHHO, OKa3bI- 
BaJOCh eile Oolee SHAYTEIHBIM B TeX CyYanX, Kora OHOBPeMeHHO C yBeJIH- 
TCHHEM XKHBOPO BeCa TPOMCXOLMJIO 3aMeTHOe CHMKeHHE KOMMUeCTBA ILMPKyJIH- 
Pylolled KpoBu HM remoro6una. Hanpumep, y JlyxxKa 3a 6 qHeii Bec Tena yBe- 
JMuMJICA Ha 1] Kr, T. e. Ha 22.4%, a OObeM KPOBH CHH3HICA Ha 40,9%, npH4em 
CHWKCHHE TPOWSOLIIO B OCHOBHOM 3a C4¥eT TOTepH KseTOUHOH 4aCTH KPOBH: 
OObEM I1la3MbI CHH3HVICA Ha 35,2%, O6beM 9puTponuTOB — Ha 50,3%. Bosmo- 


*KHO, YTO HUSKHE NOKAasaTeNM KPOBH y %KepeCeHKa JlyHa, OTMeueHHBIe Ha 3 1eHb 
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KUSH, ABJIAIOTCA CJleACTBHeM MOJOOHOrO 2%Ke Mpowecca NoTepH uacTH KpOBU 
: NOCJe POKMCHHA;, HO B STOM C/ly4¥ae M3MeHeCHHA B KPOBH, OY€BYAHO, MpoOusoUH 
_ HeCKOJIbKO paHbue, yem y JlywKa. Kak BugHo u3 Tau. 1, y JlyHpl yxKe B He- 
_ AeuIbHOM BO3pacTe OBICTpoO HacTynusa pereHepauma Kposu. Untepecuo orme- 
THTb,. 4TO B TeX ClydaAx, Korga y 7-HEBHBIX %KepeOAT NOKasaTeIM KPOBMU BBI- 
COKH, Ha MpOTAKeEHHH BTOPOH Hee pasBHTHA XKMBOTHBIX HaGwlOLaeTcA no- 
Tepx HeKOTOpOH 4acTu KpoBy, NpHocTaHoBKa ee WIM yBeJIMYeHHA, B TO BpeMA 
Kak BeC Tela NpOLoMKaeT ObicTpo pacTu. Tak, B nepvoy c MepBoli 10 BTOpyro 
_ Hele: 2KU3HH wKepeOeHOK JIunuNyT BEIpoc Ha 13 xr, B TO BpeMA Kak OObeM 
_KpOBH-CTa MeHbie Ha 11,6% — B GompuleH Mepe 3a CueT Ha3MbI, OObeM KO- 
- Topod cHuswuica Ha 13,6%. )KepeGenox JItocuk 3a 2 Helenu npuOaBus B Bece 
14 kr, a KONM4eCTBO KpOBHM y Hero 3a 9TO BpeMaA CHUB3usOCb. Jub 6narogapsA 
TOMY, 4YTO OOBEM NMa3Mbl YBEIMYHJICA, OKA3aaCb CKPbITOH 3HAYHTebHaA M0- 
_Tepa KileTOUHOH uacTH KpoBH: 400 cm’, T. e. 22,9%. 

Ha mporsKeHHu MepBbIx Hefesb NOCeyTpOOHOH KUSH XKUBOTHEIX HaGsIO- 
_fanloCb CHW2KeHHe NOKa3saTeIA TeMATOKPUHTAa, BbISBaHHOe MOO Goslee MeqWIeH- 
HBIM POCTOM MACCHI SPUTPOMMTOB 110 CpaBHeHH!O CO CKOPOCTHIO IIpupocta o6beMa 
Na3Mbl— B CJly¥aix YBeIMYeHHA KOJIMYeCTBA KPOBH OMHOBPeMeHHO C YBeJIN- 
4yeHHeM Beca BCero Tela,— HOO Oosee ObICTPpbIM CHHXKCHHEM MACCbI KJICETOK 
KPOBH M10 CpaBHeHHIO C CHMKeHHeM OObeMa TasMbI. Ha6sogaBuieecs pasBese- 
HMe KPOBH HenocpeyCTBeHHO CBA3aHO C OTHOCHTEJIbHbIM YMCHbUIeHHeEM KOJIN- 
yecTBa FeMOrsIOOHHA B WApKyJHpyloulel KpoBu »xepeOaT Ha | Kr Beca Tema, a 
_ TakxKe C CHMKeHHeM OOMero KOIMUECTBA ero B TeX CJIYYaAX, KOPa NpOHCxoLNIO 
CHWKeHHe HM KOJIH4ECTBA KPOBH. 

OnvicaHHble W3MeHeHHA KpOBH 2KepeOAT paHHero MepHoga pasBUTHA, He- 
COMHEHHO, OTIM¥aIHCh OT! KapTHHbI aHeMMYeCKOTO COCTOAHUA, CTOJIb 4YaCTOrO 
_Y MOJIOMHAKA CeJIbCKOXO3AMCTBEHHBIX XKHBOTHBIX M MIPHBOJALerO K ero UMCTO- 
 ulenuio.(*). B qaHHOM Cmy4ae 2KHBOTHBIe ObIcTpO NpHOaBJIAJIN B BeCe, HX MOBe- 
HeHve He aBasio OCHOBaHHH TOsO3speBaTb HapylWeHH KJIMHM4YeCKOTO Xapak- 
Tepa. CneqyeT OTMeTHTb, UTO YCJIOBHA KOPMJeHHA MaTepel H xKepebaT B 1959 
u 1960 rr. Oblnu pasnuaHEIMU. B TeyeHve 3umHero MepHoza 1958—1959 r. 
wepeOble MATKH KOPMUJINCb YJOBJICTBOPHTebHO HM MOF, OYeBHAHO, JyUUle 
KOPMHTb HOBOpOMmeHHEIX. B 3umy 1959—1960 r. xepeOaTam npH pomseHHH 
HeqOcTaBaslO MaTepHHCKOrO MOWIOKA, H HX Cc 2—3-HeebHOrO BOSpacTa Havasu 
MpHKapMJIMBaTb U3 KopMyliek. JlanHbie Ta6. 1 He MO3BONAIOT MPpHMMCaTb OCO- 
‘OCHHOCTH M3MeCHEHHH KPOBH OCOOeCHHOCTAM IIMTaHHA MKHBOTHbIX: He3aBHCHMO 
‘OT TOFO, PaHO WIM MO3MHO MepexozuH wepeOATa K CaMOCTOATebHOMY KOp- 
MJIeHMIO, pe3KHe H3MCHEHHA KOJIMYeCTBA KPOBH HM TeMOrOOMHa 3aBepilauCh 
B TeveHHe MepBEIX AByX Heeb %U3HH. Iloq0OHbIe ABJICEHHA OTMC4eHBI B JIMTE- 
patype y HoBopoxwKeHHBIX pete (*), arnat (°,°). 

B mepvoy perenepamuu KpoBu HaOml0,aiuch Cly4au, Kora OObeM KPOBH 
_ YBeIMUMBAICA ObICTpee, 4EM 2KHBOM BeC; B pe3yJIbTAaTe STOTO OTHOCHTeJIbHOe 
| KOJIMYeECTBO KPOBH Ha EMHHUILY BeCca TeJla ObICTpO BO3PaCcTaJIO 1O pasMepoB STOTO 
| MoOKa3saTea, CBOMCTBeHHbIX HOBOPOXKCHHbIM 2epeOsATAM (Jlyna, JleTy#). Ko- 
_ JimuecTBO remorsio6uua Ha | Kr Beca Tela YBeJIHYMBaIOCh B MeHbUUIeH CTeIeHH, 
4€M OTHOCHTE/IbHOe KOJIMYeCTBO KPOBH. Tak, HalpWMep, OTHOCHTe/IbHOe CO- 
_ AepxkaHve kpoBu u remormo6uHa (Ha eMHUILy Beca Tela) y wKepebeHKa Jlyxoxk 
2B 7-HEBHOM BO3pacTe COCTaB/IAJIO COOTBETCTBEHHO 48,4 u 47%, a B 2-HeseJb- 
HOM Bospacte 64,5 u 61,9% mo cpaBHeHuio C STHMH 2K MOKASAaTeIAMM TPH 
poxenuu. CofepxaHue remorm06uHa UM B JabHeHUIeM yBeMUMBaOCh Me]- 
| JeHHee, 4eM KOMMUeCTBO KpoBH. B cBolo o4epedb, NocesHee BO3pacTasIO Me]- 
JleHHee. YeEM BeC TeJIa, a2 HMCHHO: 
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3a 1 mMecan, Sa 1 rox 
| ' Bec tesa B 1,67 pasa B 4,26 pasa 
O6bem KpoBH B 1,47 pa3a B 2,75 pa3za 
|] Komuuectso remorso6una B 1,25 pasa B 1,72 pasa 


B pe3yabTate sToro C BOSpaCTOM MOCJeOBAaTeIbHO CHWMKAaCTCA OTHOCHTCJIb- 
_ oe CoslepxKanve KpoBH B OpraHH3Me M reMOrioOHHa B KPOBH. Tax, y l-mecau- 
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HbIX %KepeOAT COMepAKaHHe KPOBH COCTABMANO B CPCIHeM 10,8%, coxepxanne 
remorno6una 13,6 r/Kr. Takum o6pa3oM, 06a NoKasaTe/IA, XapakTCPUSyIOULNe 
ycoBid CHa@KeHHA TKAHeli KUCMOPOOM, CHUSHVJHCD ga 1 mecsi, CooTBeTcT- 
peHHo Ha 19,4% u Ha 24,4%, 

Vismenenus KpoBH Ha MpoTsKeHMM BTOPOrO MeCALa pasBUTHsA “Ke peOAT 
OKa3asIHch HeorpeeieHHbIMH. B jByx CiLy4astx (Kama u Jimiunyt) Ko BropomMy 
Mecsaity 06a OTHOCHTeIbHULIX MOKAsATe/A CHHSHJIMCb, B OMHOM Cilyae (Kagak) 
ocTaiCh 6¢3 H3MCHCHHA HB OOM curyaae (JleTyH) H3MCHHJIHCb NPOTHBOMONOXK- 
HbIM O6pasom. Y oHoro wepebenka (Jliocuk) 10 CpaBHeHHIO C 2-Hejle/IbHbIM 
BO3PaCTOM STH MOKAsaTeJIM He H3MCHMJINCh . CnOKHBIMA OKASAINCh TAKKE H3- 
MeHeHUA OGbeMa KPOBH, TWa3Mbl H 9PHTPOUHTOB (B MpouenTax): 


OObeM SpuT- 


O6nem KpoUM OOvemM TaaMbi pounTon 
Jleryu -+-17,4 os 0,0 +-36,6 
Jinaunyt --18,7 +28, 2 He 3M. 
Kasak --39,6 -|-27 0 --09,0 
Kama 15,4 -|-36,8 — 7,7 


Y xxepeGenka Kamp BCviencTBMe NOTepH HeKOTOPOH YACTH SPHTPOWMTOB CHH- 
suhoCh KoOMUeCTBO reMorio6uHa B KpoBH Ha 160 r. MuTepecho OTMeTHTb, YTO 
xKepebata Kasaxk u Kama, KoTopble OblIM NepBeHiaMu y CBOMX matepen, B l- u 
2-MeCAUHOM BO3pPaCTe XAPAaKTepH3OBAIMCb MCHDINMM MO CpaBHeHHIO CO CBepCT- 
Hukamn (pomupmiumuca B 1960 Pr.) 2KHBbIM BeCOM H OHolee BLICOKMMH NOKAasa~ 
TeIMMM KPOBM. OcoOeHHO 3HaUHTe/IbHOH OKasalaCh PasHUIa NO OTHOCHTEIIb- 
HOMY COjlep2xKaHMIoO TemorioOnHa: TPH CpeHeM jit MCCAMMbIX *KepeOnT Copsep- 
*Kanuu remormoouna B 11,1 r/Kkr ono pocrurio y Kampt 22,1 r/Kr Beca, B 3-me- 
CAYHOM BOSPACTe OTHOCHTCJIDUbIC NOKAATEIH CHABHIMCh, HO MpOOJDKAaIIM OCTA- 
BaTbesd BbLICOKMMU. B 3-mecauHoM Bospacte xXepebenoK Kasak mpHOsIM«KaICA 
lo Becy Tela K POMOBAIbIM %KepeOATAM, HO BCIIECTBHE BbICOKOTO COepAKAHHA 
KPOBH M reMOrIOONHA B ero OPraHH3Me OTHOCHTEJbUbIe NOKAsATeM KPOBH OKA 
3aJIMCb TAKKE BLICOKUMH. Ilo STHM MOKABATeIIAM MOXKHO CY/MTb, ATO, HECMOTPH 
Ha OObIMOH Bec, XepeOeHoOK eNle OYHb MOVJIO). 

Ha ocHopaHHn TIPMBeACHHbIX MATePHAJOB MOAKHO NOKASATb, YTO CO/eprAK anne 
OCHOBHBIX KOMMOHeEHTOB KpOBM 2%XKepeOAT ONpeseAeTCA Npexye BCero BOsPacT- 
HbIMM U3MeHeHMAMM STO TKAHH. YCOBUA SPHTPOM0s3a Y MONOMbIX xRKepedaT 
OVCHb M3MCHUMBbI! Ha TPOTAKeHHA NepBbIX Heeb M MeCHUeB locueyTpoOHok 
KUBHM Y MOLOMBITHLIX AWepe6AT HAGMOMLANOCh HEOMHOKPATHOe CHYAeHHE KOVJIM- 
yeCTBA KPOBH MU remMorioOuHAa, CBASAHHOe C BLIXOJOM B COCYIMCTOR PYCIO KwIe- 
TOK pasHoro KayecTBa. OPHTPOWMTh! SMOpMoHaNbHOrTO TuHNA paspyiilaloTes 
BCKOPe TOC NOABJCHUA 2UBOTHOFO Ha CBeT, HM HOBbIE KJIeTKH OOAZAHbI CBOHM 
TIPHCXOXK CHEM BOSpOCIel KPpOBeTBOPHO aKTHBHOCTH KOcTHOrO Mosra, OObeM 
KPOBM KW SPUTPOMMTOB B PAaHHuli NepHol pasBUTHA KepeCOAT BaBUCHT, OUCBHHO, 
OT COOTHOMeHHA HHTeHCHBHOCTeh OOOUX MpoweccoB KpoBeTBOpeHHA WH KPOBEe~ 
paspyuienun. B Teaenve sTOro BpeMeHM BHAYeHHA NoKasatesel KPOBH ONpe- 
JICMAIOTCH BUIMAHMEM MocneqHero NepHosa yTpoOworo pasBuTHA, C OMHOK CTO- 
PpOHbl, H HOBLIX ycvIOBHH CymlecTBOBAHHA, C Apyron. 


Komn cpuivan Akanemnn nayx CCCP Tocrynnio 
r. ChlktpipKap 28 X 1960 
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~ CKoro COMPOTHBJICHH A, KOTOpOe Ha BbIcCOoTe peakinu CHHKAeTCH NO 


Hoknaye Akankemun nayx CCCP 
1961. Tom 138, Ni 5 


PHSHOJIOPH 


B. JI. KAPTIMAH 


TYAPOAMHAMMYECKHE MEXAHM3MbI PEPYJIALLMH CPEJHELO 
APTEPHAJIbHOrO JIABJIEHHSI 


(ITpedcmasaeno axademuxom B. H. Yeprueoeckum 25 I 1961) 


CpefHee apTepHaibHoe jlaBienHe (P) ABIAeTCA HATErpasbHbIM BbIpPAarxKe- 
HHEM MHOTOOOpasHbIX FHAPOMMHAMHYECKUX TMPOLMeCCOB, MpOTeKAaIOU,AX B arma 
pate KpoBooOpaileHua BO Bpemsa cepyeunoro uHKIa (C), Bennunita storo Bark- 
Horo reMOMHHAaMHMYeCKOrO MOKasaTe/A 

” 
4 i 
jetenee co \ P (dt 


0 


OTIPeMEMACTCA IPCHMYLLECTBEHHO B3AHMMOOTHOWCHHEM M@KLY MPHTOKOM KPOBH 
B apTepHaJibHy!0 CHCTeMy HM OTTOKOM €e B KaliHJIAPHOe Pycilo, [lockoJIbKy mo- 
CTYMJ€HHe KPOBH B aOpTy ONpeseAeTCA CepedHbIM BbLIOPOCOM, a OTTOK ee B Ka- 
TMJWIAPbI NIPCHMYULeCTBEHHO FHpaBJMYeCKMM CONPOTHBJICHHCM B ApTepHowax, 
TO CpefHee apTepHasibHoe jaB/IeEHHe MOXKHO PaCCMATPUBATh Kak (PYHKILHIO MH- 
yTHOrO O6bemMa KpoBun (VY) uM NepuipepHyueckoro CONpPOTHBJCHHA (W). 

Tipu anamuse nopenenua Pm B yCIOBMAX, Kora apTepHasibnad CucTeMa 
MpMBeyeHa K BUY MOsesM, COCTOsIMeH HS yupyrok TpyOKM, B KOTOpylO C€ OJl- 
Horo KOHMa HarHeTaeTcsd 2KUJKOCTh HacocoM ¢ IIpousBoAMTENDHOCTHIO V, a na 
UpyroM KOHUe MMeeTCA HaCaKa C HepeMeHHbIM PUAPABJMYCCKHM CONPOTHBVIC- 
yuuem W, co3faetca BrieuaTjieHHe, YTO BeJIMYHHA CpeNero LAaBJIeCHHA NPOnOp- 
unonanpna Vu W. Ha ochopanuu TAKOBOLO BHIBO/IA YBCJINYCHHIO V u W (110 cpap- 


HeHHIO C HOPMAJIbHbIMA 3HAYeCHHAMH STHX BeIMYHH) MPHAOT PCuIaloltee sia 


yeHHe B MaToreHese runepTOHHYeCKHX COCTOANHH (‘), Bmecre c TeM, B yCJIOBMAX 
peaIbHOrO KpoBOOOpalleHHA 3aBMCHMOCTb P,, or V wn W, to-BuyuMomy, Soviee 
CJlO*%KHA, YM 3TO BbITeKAeT 3 AHAaJIMSa MO/CVIN, Hacronmee uccieqonaHne 
ObINO MPeLMPUHATO C WeNbIO KOJIMYECTBEHHO OLMCATh SABHCHMOCTH PulW, V) 
y uvejoBeka. 

3aBHCMMOCTh CpefHero apTepHadbHOrO aB/ICHHA OT BeJIHYAHbI Nepudepnye: 
CKOFO CONPOTHBEHHA OblJia WpocJexKeHa TPH HCCeLOB AMM PP YHITbl 3)LOPOBbIX 
¢ KapfMouornuyeckon TOUKM 3peHHA juosell B YCOBMAX aslKOPOJb-anTabycuon 
peakunuu. Bo ppema sTOH peakinu (7) ormedaeTca peskoe MajeHHe HER wep Ene” 
WH— 
200 muu-cek:cm~°. YcekopeHHbIi OTTOK KPOBH 3 apTepHa/IbHOM CHCTeMbI B Ka- 
NUWAPHYIO CeTh KOMMeHCUpyeTCA YBCJMYCHHbIM CCPCHbIM BLIOPOCOM. Cpesi- 
Hee apTepHasbHoe JaBeHne B Hayase peakilMH, HECMOTPA Ha najenue jiMacTo- 
ymuecKoro jlaBeHUA, CHMKAeTCA Kpale Me/WICHHO. U nnitb Korya nepudepn- 
yeCKOe COMpOTHBJIeHNe CTAHOBUTCA MCHbIINM 500 yuu-cek-cm™°, Besmanna Py, 
HauMHaeT pesko MaplaTb, MocTurad B pxA/e naGmonenuh 50 MM pT. CT. 

Bce Ha6moneHua Mbl CyYMMMpOBaJIM Tak, TO Opiio NomyyeHo 9 TOUeK, CO- 
otpetcTByiomux Pm (W) B jMarlasone nepudepH4ecKoro COMPOTMBJICHHA OT 
2000 no 150 quu-cex+cm™®. Kak BUJHO HS pute, 1, wepes 9TH TOUKH MO*KET ObITb 
mpopeena KpuBad MapadoMyecKoro Tula, KoTOpAn YHOBJCTBOPUTeIbHO OTM 

1234 


ChIBaeTCA ypaBHeHHeM: oe 
P= 15,5VW' (1) 


V3 ypapnenua (1) Buguo, uto Pm u W CBA3aHbI Mex Ly co6oh IpAMO 3a- 
BHCMMOCTHIO: yBeMueHHe TepHcpepHuecKOrO COMPOTHBJeHHA MPHBOAHT K T0- 


BEILMeHHIO CpeqHero apTepHaJIbHOrO WaBJIeHHA H Hao6opot. TakuM o6pa3om, 
B3aHMOOTHOWeHHA MexkAY Pm U 


W B yCJIOBHAX PeaJIbHOrO KPOBO- 


MM pm.cm. 

oOpallleHuA aHaslOrHuHbI TeM, KO- 

10 TOpble pesNoOarasucbh pH aHa- 
Ju3e MOJeJH. Ate 

90 SKcTpanosMpyA KPHByt0, M0- 

a 0 CTpoeHHy!o 10 ypaBHeHnt (1), B 

70 SOHY OOJIbINHX BeHYHH mMepue- 

puuecKOro CONPOTHBJIeHHA, MOuy- 

J yaem, uTo upH W >>2500. zuu- 


7000 7000 Gurceren® a 
wW— ceK -CM”~ TeopeTHueC KH. OM TAe- 


Puc. 4 Moe cpefHee JaBJIeHHe HayHHaeT 
mpespiaTb 110 mM pT: cT., T. e. 
Pim CTAHOBUTCH Oe3yYCOBHO MaTOJOrHyecKH MOBBIWIeHHEIM (°). Takum oOpa- 
30M, ypaBHeHve (1) mo3BOIMeT TpefCKa3bIBaTb BEIPaxKeHHOCTh THIepTOHUH, 
BLISBaHHOH MOBbIMIeHHeEM NepHtbepHuecKkoro COMPOTHBJIeHHA. 
Tak Kak B ypaBHeHun Ilyaselina BemMunHa mepudepHyeckoro CONpOTHB.Je- 
HUA BbIpakKeHa yepes CyMMAPHLI pafuyc apTepuon (R): 


W = — - — sated SN Z 

a NSD (2) 
rae / — ,wiMHa cocyla, 1] — BASKOCTb XKHKOCTH, TO, MOCTaBHB (2) B ypaBHe- 
Hue (1), MbI MOX%KEM NOJYYATh 3aBMCUMOCTh P,, oT R: 


Le Fg 


UY ele . Lon She: 
Pm = qr + 15,5 2. Bins) 


ray 


B ypapyernu (la) BenvunHEt / HW 1) MOMKHO TPHHATb MpakKTHYeCKM NOCTOAHHBIMH 
JIA MaJIbIX TIPOMeXKYTKOB BPe€MeHH, MpoTeKalomleroO MeKLY MCCie;OBaHHAMH 
CepfedHo-cocynuctow cucTembl. Tora u3MeHeHHA Tepny epuyeckoro COMpOTHB- 
Ji@HiA OyLyT MpeHMyeCTBEHHO ONPeAeATLCA H3MeCHEHHAMH CyMMapHOrO Mmpo- 
cBeTa apTepHol. 

SieCh HaM IIpescTaBIAeTCA BeCbMa BaXKHbIM MOAYEPKHYTb, 4TO, KaK BUHO 
u3 ypaBHenua (la), usmeHeHua Pm BOSHHKAaIOT B pe3YJIbTATe CyI[eCTBeEHHIX 
u3MeHeHuli R, OOpaTHO MponopunOHaMbHO TepBoH cTeNeHu STOH BeMUMHEI. 
B TO BpeMA Kak U3 ypaBHenua Ilyaseiia BLITeKaeT, STO BeNMUUHA Nepudepuye- 
CKOrO COMPOTHBJICHHA 3HAYHTeIbHO Oosee UyBCTBHTeIbHa K M3MeHeHUIO R, 
MOCKOJIbKy OHA OOpaTHO mponopiuvoHambHa R+. . 

@paux (*) B ONbITax Ha JIATYUIKaxX OTMeTHJI, YTO TIPH NOBIMeHHM CpeqHero 
AAaBJeHHA CepJeuHbit BLIOpoc yMeHbillaeTca. B3aanmocBa3b Mexay Pm UV pa- 
Hee OblJia HaMH omucaHa (*) B o6miem Bune: V = OP,;3. . 

Hicnomsyi TombKO 4TO BEIBeeHHOe ypaBHenue (1), a TakxKe MosmyyeHHoe 
Hamu copmMectHo c E. B. Ba6cxum u M. A. AOprxocoxpoi (*) ypapHenue V = 
= 1250-W-°.">, nomyyaem 3aBHCHMOCTh cpegHero apTepHvaJibHoro aBsleHHA 
OT MMHYTHOTO OObeMa KpoBH: | . 

ae nS ass ) (3) 
VV 

Kak BHJHO 43 ypaBHenus (3), B WenOCTHOM opraHu3me Mexry P, u V uMeeT 
MeCTO OOpaTHad MponopiMoHaBHocTh: C yBeMYeHHeM ‘cepmeuHoro BbIOpoca 
CpeHee apTepuabHoe LaBseHHe He TOKO He pacTeT, Kak 3TO Mpemmonaranoch 
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pH aHaiuse MoJeIH KpoBooOpameHua, a HaoGopor, mpomopuMoHamtDHO yMeHb- 
IaeTca. Taka 3aBuCHMOCcTB MeKAY Pm u V ABJAeTCA CreMCTBHeM aBHO yxKe 
ycTaHoBseHHoro dbakTa (’) oOpaTHo MponopuHoHanbHBIX OTHOUMIEHHI B IleJIOCTHOM 
OpraHH3Me M@xKly BeJIMYMHOM CepJeuHoro BEIOpoca uw BeNMUHHOL nepudepuue- 
CKOrO CONPOTHBJeHHA. B3anmocBa3b Mexay V u W XapakTepH3yeT TOHKYIO pe- 
TYAAUMIO MesITeIBHOCTH allapaTa KpoBooopalleHuA, HanpaBseHHYyIO Ha moyep- 
*KaHHe B ONPeMCNCHHbIX PUSHOMOrHYeCKHX Mpesemax BeNUMUHHEI cpefuero ap- 
TepHaJIbHOrO JaBseHua. Takum o6pa30M, BaxKHBIM CJIeqCTBHeM 3aBUCHMOCTH (3) 
ABIACTCA TO, YTO yBeJIMYeHHe CepeyHoro BEIOpoca Camo mo ceGe He MOET 
ABUTBCA MIPHYMHOW MOBbILIeHMA CpeqHero apTepHasbHOrO LaBeHHA. XapakTep 
ypaBHeHua (3) He mogTBepxyaet KonuentHH (4) o rHMepBOIeMHYeCKOH rumepTo- 
Huu (Minutenvolumenhochdruck) u naxogutca B cornacun c KPUTHKON STO 
KOHMeniMu, JaHHou 1. ©. Jlanrom (°). Bepostuo moxuo TOBOPHTb JHIIb O06 
OTHOCUTEJIBHOM YBeMYeCHHM CepeyHoro BEIOpoca, T. €. O TaKOM ero yBeuuue- 
HUM, KOTOPOE HE COMPOBOAKTaeTCA ONHOBPEMCHHEIM HM MpOMOpIWOHaNbHBIM YMeHb- 
WeHHeM MepHepwyeckoro comporuBmenua. 3yecb HeOOxXO_UMO TakiKe moyuepK- 
HYTb, 4TO MOBbIWeHHe CpeqHero apTepuanbHoro AaBeHUA, BbIZBAaHHOe Hapy- 
IWeCHHeEM B3aMMOOTHOUICHHi BeNMIMHEI MMHYTHOrO OObeMa KPOBM HM BeJMUMHBI 
mepHepwyeckoro COMpoTHB.eHHA MOxKeT HMeTH MecTo H pH HOpMaJIbHOH, 
C TOUKH 3PCHUA MPHHATLIX CTaHapToB, BeMUMHE CepyeyHoro BHIOpoca. 
OcHOBBIBaACh Ha MpelCTaBeHHBIX BEIMe MaHHbIX, MOxKHO rOBOPHTb O cule- 
AYOUMX KOHKPcTHbIX THIPOMMHaMUyeCKHX MeXaHH3MaX MOBBIINIeHAA Cpequero 
 apTepHadibHoro AaBseHua. 
_ CpeqHee aprepHambHoe yapnenue MOxKeT NOBBIATLCA mu60 BCneICTBHe yBe- 
JM4eHHA Nepudepwyeckoro conpoTuBseHua (apTépnouspHbti Mexany3M), J1M60 
_ B pesyJibTaTe HapyileHHaA HOPMAJIbHBIX B3AMMOOTHOUICHHH MexTy BeMUHHO! 
CepfeuHoro BblOpoca HM BeMYHHOM Mepucepuyeckoro conpoTuBmenua (peryna- 
| TOPHEIM MexaHu3Mm). U1, nakovell, MoxwKHO ce6e mpecTaBUTb, 4TO cpeqHee apTe- 
_ pHambHoe AaBseHve MoBblllaeTCA B pesyJIbTaTe AKTHBHOCTH OOOUX MepeuucseH- 
$ HbIX M€XaHH3MOB — yBeJIM4eHHA MepuMdepHyecKoro COMpOTHBJeHHA M Hapy- 
_ WIeHHA B3aMMOOTHOIWeHH Mexay V u W (cMeutaHHblii MexaHu3M). 
é B 3aKmoueHne HeoOXO_MMO OTMETHTH, YTO NOJIYYeHHbIe IMIHPWYeCKH 3Ha- 
_ deHHA KOSPPuUNeHTOB HU MoKasaTeNeli creneHH B ypaBHeHuax (1) u (3), mpe- 
' CTaBNeHHBIe 3fecb B HauOonee ynoOuoi naa onepupoBanua (opMe, JOJMKHBI 
| ObITh YTOWHEHEI B pesysIbTaTe MaspHelimiMx mccmeqoRanuit. 


: 
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7 VHCTHTYT HOpMasIbHOH H MaToNorMueckol u3svonoruu Tlocrynuao 
¥ Akaylemuuw MeqHIMHCKHX HayK CCCP 18 I 1961 
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PH3HOJIOTH 1 


B. H. JIYKbAHEHKO 


MPOBA ®H3HOJIOTHYECKOrO AHAJIH3A AHA®HJIAKTHUECK ON 
PEAKILMH B CBSA3H C EE TOPMO)KEHHEM AMHHASHHOM 


(IIpedcmaeaeno axademuxom B. H.. Yeprueosccum 26 XI 1960) 


B nocueqvee BpeMA NOABHJICA psi COOOMLCHUH O TOPMOSHOM BAMAHMM aMUHa- 
3uHa Ha BOSHUKHOBeHMe, TedeHHe M HCXOM anaduakTHYyecKol peakuwHu. Mtamb- 
auckne ucculeqoBatenu Toppe, Bago, Bayxope, Papsuna (1°) moKasaJIM, 4YTO 
aMMHa3HH (XJOpMpOMa3HH) SalllMlaeT 2KMBOTHBIX OT PasBUTHsA aHadulakTHYe- 
CKOrO WOKa IPM PeMHbeEKUMM OeNKa CeHCHOMJIMSHPOBAaHHBIM %KMBOTHDIM. TOT 
(bakT Halle NosTBepxKLeHue B PaOOTAaX SNOHCKUX apTopos — CumajigakH 
Toxyo, Mapusma B onbiTax Ha MOPCKHX CBHHKaX, [Te aMHHASHn, 
BBEJ|CHHbIti BHYTPUMbINeTHO B 103ax oT 1,26 Jo 8 Mr/kr NpensATCTBOBA PasBUTHIO 
IWOKa HM MpesOXpaHsAJ 2MBOTHBIX OT rMOeM. CyleCTBeHHO OTMCTHTb, NTO MO 
janHpim Cumay3akn u Tokyo ru6eb %KMBOTHBIX OT WOKa NO] BAMAHHeEM aMHHa- 
3uHa Obiia CHWKeHa Jo 28% npu 82% ru6enu B konTpose. Hapayy ¢ yKasaH- 
HBIMH paOoTaMH, UMeIOTCA eMHHYHbIe HaOJUOJeHHA, B KOTOPbIX aBTOpaM He 
YAalOCb OTMETHTb TOPMO3HOTO BUIMAHHA aMMHA3HHa Ha PpasBUTHe aHadbulakTH- 
yecKoro WOKa. 3ecb HMeeTCH B BUY, B YaCTHOCTH, CooOmeHHe (paHIly3CKUX 
uccweqopateseli Jliexomta u @uutepa (°) O TOM, Y4TO B OMbITAX Ha KPOMMKAX 
AMMHA3HH He IIpelATCTBOBAN PasBUTHIO aHacHsaKTMYeCKOrO WoKa y CeHCHOMJIN- 
3HpOBaHHbIX 2KMBOTHBIX. 

IlpuHuMaa BO BHUMaHHe OOIbIIOe TeopeTH¥ecKoe 3HaveHHe o6Hap yxKeH- 
Horo (bakTa, a TAKXKE BOSMOKHOCTb HCMO/b3OBaTh AMHMHASHH B KayecTBe ()ak- 
Topa, cMocoOcTBYyIOMero PapMaKONOTHYeCKOMY aHaNMSy CPUSHOIOrHYeCKUX MC- 
XAHH3MOB aHacHlaKTMYeCKON PeaKIMH, MbI pellIWJIM MOBTOPHTb OMBITHI MperK- 
HUX ABTOPOB WM HOBbIMHM (POpMaMH SKCMepHMeHTAa MpHOMM3SHTBCA K MOHUMAHHIO 
TOPMOSHOFO BJIMAHUA aMHMHAsHHAa Ha TeyeHHe HM MCXO anadpusakcuH. 


MeTORHKA MH pe3sYALTATH ONHTOB 


B nepBok cepuu Hallux uccmeqOBaHu MbI H3ydasM TOpMO3HOe BJIMAHHE 
aMUHasHHa Ha pasBuTue aHacuaKTHYeCKOM PeaKUMH Ha MOJeM AKTHBHOK aHa- 
(buslakcMuM yY MOpCKHX CBHHOK. C 9STOH WebIO CeHCHOMIM3aIMA MOPCKHX CBH- 
HOK OCYULECTBIANaCb OLHOKPaTHbIM BHYTPHOPIOWIHHHEIM BBeeHHeM JIOMMIAaH- 
Holi CbIBOpoTKH (1 Ma B pasBeyeHnu 1:10). Ilo ucreyenun 21—24 qHel mpous- 
BOMMNaCh BHYTPHCeplewHad MHBbeEKIMA paspelllalonlei MO3bl MOWAa_MHOM CbI- 
BOPOTKH B OObeme 0,05—0,1 ma. Bcero B sTOH CepH SKCMepHMeHTOB IIpOBeeHO 
5 onbiToB no 5 cBHHOK B KaxKOM onpiTe. Bcem MOONbITHLIM CBHHKaM 3a 1,5— 
3 uaca JO HHbEKUMN paspellaiomlehH MO3bl OesiKa BHYTPHMBbIMeYHO BBOLMJICH 
aMUHa3HH B Z03ax 15; 50; 100 mr/xr. PesyabTatbl STO CepHu ONbITOB CyMMHpO- 
BaHbI Ha puc. 1. OweHKa BbIpaxKeHHOCTH aHaduakTHYeCKOl peakIMH MpOu3- 
BOJMNaCh 10 cxeme: +-++-++-+ cMmepTembHEIM woK, -+--+-+ TsKeJIbIM WOK, 
+-+ cpequnii moKx, + merKuii WoK,— OTCYTCTBHe WOKOBBIX sABJeHHH, 06- 
mee pe3KO BbIPaxKeHHOe yrHeTeHHOe COCTOAHHE. 

OuenuBaa JAHHbIC, MOYYeHHbIe B STOM CePpHH IKCMePpHMeHTOB, MOXKHO 
IIpHHTH K MHEHHIO, YTO AMHHA3SHH B MCMOMb3YeMbIX HAMM O3aX OKASbIBaeT AaK- 


THBHOe BO3eHCTBHe Ha aHacuslakTH4eCK yo peakiHio, B YaCTHOCTH, 3aTOpMa- 
1234 


*KUBACT MU OCMAOMAeT TeYeHHe anadunaKtuyecKoro MOKa, a TakxKe mpeynpe- 
dKlaeT THOeIb NMOOMBITHBIX *KHBOTHBIX, CHHKaA ee 20 36% npu 70% ruoenn 
_ B KouTpouie. JOBobHO 4YacTO usMeHAsCA CaM XapakTep MW CTpykTypa aHadusak- 
| THYecKoro WioKa, a MMeHHO — BHiNaqaa KOHNUeCKaA (asa OeKOBBIX cy- 
_ Aopor. Kpome toro, HepezKo OTCYTCTBOBAJIH TaKHe COCTaBHBIeC KOMMOHEHTHI 
| aHadusakTuyeckoli peakiuuu, Kak Kalieny 1 PBOTHHIe BuxKeHHA. Bee u3snomex- 
; HO€ NOSBOUIAeT MIPHCOeEMMHUTbCA K MHeHMIO Tex aBTOPOB, KOTOPbI€ ycTakoBHn 
_ BbIPAKeHHOe TOPMOSHOe BosselicTBHe aMuHasHHa Ha pasBuTHe aHadbunaKtuye- 
CKOH peakiuu. 

Tlatbuetiiiee pasputue naumx HCCI€NOBaHUH OBO CBASAHO C HeOOxomU- 
MOCTBIO BHIACHHTb BO3MOXKHOCTL KYIMpOBaHnsA npowecca cencuOusH3sannu non 
BIWAHHEM €XKEHEBHBIX BHYTPUMBILICUHEIX HHBeEKIHi aMMHasnna B j103e 
10 mr/xkr Ha mporsaxKeHuu Bcero nepwowa cexcuounnzanun. Bcero 6nii0 IIpo- 
BeqeHo 20 uHbekuni. Ha puc. 2 moxuno BufleTb, YTO HH y OMHOK u3 10 cBHHOK 
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Honepa mubomusr 


Puc. 1. Vsmenenve BbIPaKeHHOCTH aHad*HaKTHYeCKO peakUHH ToL 
BIMAHHEM aMMHashHa. / — onbitHas, J] — KouTpombHaa 


\ 


“He yilasioce MPeHOTBpaTHTb Mpouecc pasBuTHA CeHCHOMIM3aMM, H anadunaKTu- 
‘MeCKMH WOK B OTBET Ha HHBEKIMIO paspelialouleli Moshi GemKa PpasBHJICA B TOJI- 
‘HOH Mepe. 

| O6vapyxenuntii akT MBI CKJIOHHEI OObACHUTL, UCXOAM M3 MpoBosxUMoro 
(HAMM YeTKOrO pasrpaHMyeHuA B COuKHOM HM MHOTOKOMMOHeHTHOSI aHadpuslakTH- 
“Me€CKOH peakUMH MexaHH3MOB BOAKOrO pofla: cneluncduyeckoro HIM CO6CTBeEHHO 
HMMYyHOJorMueckoro Hi Hecneuupuyeckoro MexaHH3sMa, oOmledusnonoruyeckon 
Tpupogs (2). 


. 


_ Conoctapnenne yanubix I u II CepHii ONbITOB MpHBOAMT K HeoOxoy_umocTH 
‘CUNTATH, UTO TOPMO3HOE BJIMAHMe AMHHA3HHA Ha pasBUTHe aHacpHakTHYeCKOH pe- 
‘AKU He CBa3aHO ¢ ero BO3JeHCTBHeEM Ha ceuMdpuyeckue (bH3HKO-xHMMYeCKHe 
TPOWeCch!, Jle*Kalllve B OCHOBE CeHCHOMIN3AIMM M eCeCHCHOHMM3AaLLHM HM COCTaB- 
AsroulMe Cnhelupuyecky!o cTopoHy aHacusakTHYecKOli peakWuu. STO HaxoUT 
OATBepxKeHve HB pe3symbTaTax IJ] cepuu HaLIMX ONbITOB, NpOBeeHHbIX Ha 
One MaccMBHOH aHacbusakcnu. CeHcuOuusallHaA MOPCKUX CBHHOK ocymecT- 
JANaCb MYTCM BHYTPHOpiolwMHHOrO BBeyeHHA 0,5—1 ma KpowHubell aHTHCHI- 
OpOTKH, MpelMNHTHpyolel OWaLNHbIi OeroK B TuTpe |: 10 000. Yepes 
4 yaca BHYTpHCepseyHO BBOAMMACh paspemlaomlad fo3a Genka 0,05—O0,1 mar. 
a 1,5—2 yaca fo unpekumn paspemiaiomeli Josh oMayMHol CbIBOPOTKH BHy- 
[PMMbIMIEYHO BBOAMJICA aMHHasHH B ose 50 mr/kKr. : 

| Mccnegopanua noxa3ann, uTo B STHX YCOBMAX ONbITa aMMHasHH ocnabuAaT 
eueHHe aHadusiakTHyecKoro Wloka HM Mpekynpexksan B 3HayHTeNbHOM UNCIe 
eJly4aeB TMOeIb MOMOMbITHbIX 2KHBOTHBIX (puc. 3). BMecte c Tem, xapakTep u3- 
MeHeHHH aHapunakTuyecKoh peakUHH TO, BAMAHMeM aMMHasHHa CBUeTEeVIb- 
eTByeT O TOM, YTO aMMHAa3HH He BuuseT Ha peaKIHIO COeHHEHHA aAHTHTea C aH- 
HIeHOM, Tak Kak y NOaB/AIOUerO OOMbUIMHCTBA MOMOMbITHBIX 2KHBOTHbIX pa3- 


JiCH aHapunakTHyecKHli WOK pa3HO CTeMeHH TAxKeCTH. 


R 


') 
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O6cyxKMeuHue pesyWbTaToOB 


TipupeyeHHble SKCIepHMeHTAJIbHBIC yaHHbe moKa3aim, YTO aMHHasHH B 
pasHooOpasHbIx O3HpoBkax (15; 50; 100 mr/xr) H3MeHaeT xapakTep, WH- 
TeHCHBHOCTb, JWIMTebHOCTh U MCKOM aHa:HsaKTHYeCKO# peakiuu. B Hallux 
OMBITax CTeneHb TOPMOKeHUA  aHadusakTHYeCKON peaklMH KosleOaach 

B IWHpOKUX Mpeslemax, OMHAKO HaH- 


' 


I vii Goslee . BLIPAXKEHHbI sdceKT Opi 
~>++inng an AAA BAAAAAAAAe OTMey¥eH IPH HHbEKUMAX Npelapa- 
S77 900 AA AAW AAA BAe Eee Were 
= Au wa AAA WAABHAnnAY 72 Bzo3e 50 mr/xr Beca. 
= Au Wa wad Baannanae Tloq BuuMaHueM mpemapata u3-— 
& |HaY WH BAA HABBRAAae fe 
= +++| Abana dana AUAHH AHHH MeHAJINCh .KaK pa3JIM¥Hble mapa- 
{ 4 4 U) es 
Ss ANCIAL AHA MAHA AY MeTPLI aHacpusakTH4ecKOH peaK- 
2 4++/00nn0nbnnn Banna - 
S AWAA YH AAE AYAAHA BEY liu, Tak H CaMa CTpyKkTypa aHa 
er: aC AMBAMARAW HH 9 bevaKtTauecKoro IOKa. 
ry AW Y t Wnnnnnne * 
S “)HAMAAAAAMA BAHMWABBHY ira Ulonxonn x yacHenmio dusHo 
= 36 38 40 42 44 18 120 122 12 126  JIOTMYeCKOTO MeCXaHH3Ma, JICKa- 


3739 41 43 45 «117:*9 121 123 125 wero B OCHOBe TOPMO3HOTO BJIMA- 
Homepa xuBbomHolr HHA aMMHasHHa, Ha TeyeHHe aHa- 
(pusakTHYeCKOH peakIIMy, HeOoO- 
Puc. 2. OrcyTcTBve BIMAHHA aMHHasHHa Ha pasBH- = xXORYMMO Tipe le BCero OTMETHTb, 
que nponecca ceucuOunusanan. J — onpitHaa, JJ — uTO AaMMHa3HH B MpOTHBOrHcTa- 
ea ee MMHHOM OTHOUICHHH MaJlOaKTHBeH. 
Kak noKka3auM Hal oOmbiTbl Ha Mowe mwaccHBHOK aHadusakcun, 
aMMHa3MH He BUMAeT Ha peakwviO anTHreH —— aHTHTeIO — (4TO PF aseae 
TBOPUTeIbHO COBMalaeT C OMbITHDIMA JaHHBIMM Apyrux aBTopos (*)) H TeM 
CaMbIM, BepOATHO, He BJIMAeCT Ha TryMOPp aJIbHbIe peakunn, CBA3aAHHbBIe C BbI- 
jleneHuem ructamuHa. B onbiTax Ha H30JIMPOBaHHbIX OpraHax (MaTKa, KH- 
IeuHUK) payoM apropos (*) ObII0 
OTMeyeHO yrHeTatoulee BAMAHHE AaMH- ‘i I 
Ha3HHa ,Ha MBIWedHylO aKTHBHOCTh, 
BLIS3BaHHYIO WaxuKapmuHom, ciepo- 
(bUuSHHOM, SPrOTHHOM, THCTaMMHOM, 
AHeTHJIXOJIMHOM, IHMTYHTPHHOM, XJIO- 
puctbim Gapuem. Bee sTO MO3BOuAeT 
cylenaTb 3aKkml0ueHHe, YTO yrHeTalo- 
lee BAMAHHe AMMHAa3HHa Ha Tako 
WIMpokui cmekKTp dapMakoslorMye- 
CKMX BeleCTB CBA3AHO C ero HecielH- 
(pH4eCKHM BOSeHCTBHeEM Ha cokpatH- 
T@JIbHYIO (PYHKIUMIO MBIMCUHOH TKAHH. 
IIpu o6bacHeHHH TOpMO3HOrO 
BIIMAHUA aMUHagHHa Ha aHapusaK- pyc, 3. Bauawne amuHa3HHa Ha TeyeHHe H 
THYeCKyIO peaKIUMIO MpHBIeKaeT K HCXoq maccuBHoil anacdumaKkcuu. J — OMbITHAs, 
ce6e BHHMaHve yKa3aHHe OOJIbIIMH- _ I] — KouTpompuas 
cTBa ucclegoBaTeleH O TOM, 4YTO 
cpequ iwHpoKoro cneKkTpa PapMakOsornMyecKHXx “cpolicTB OH o6slaaeT cmoco6- 
HOCTbIO TlOJaBJIATb AKTMBHOCTh PeTHKyIAPHOH POopMalMn CTBONa MOSTA, TeM 
CaMbIM OKa3blBas CYILeCTBeEHHOe BINAHHe Ha TeYeHHe MHOPUX NOMMCTPyKTyPHbIx 
peak, APKUM IIpHMepOM KOTOPHIX CyKUT aHapwNakTHYeCKad PeaKIAA. Ha oc- 
HOBaHUM HalllnX OMbITOB, MOXKHO molaraTb, YTOB POpMMpOBaHHN WM PasBepTbIBa- 
HUM aHadulakTH4eCKON peakUMH C ee JBHTaTeJIbHbIMH M BereTaTHBHbIMH MpOABJE- 
HUAMH (H3MCHeEHHA JICATeENbHOCTH JbIXaTeIbHOH, cepmeuHo-cocysucToH M Apy- 
THX CHCTeM) CYIIeCTBCHHad POJb NpHHaLNEXKHT WeHTpaIbHbIM PeTUKYJIAPHbIM 
CTpyKTypaM cTBoua Mo3ra. Baxknoe nosTBepxKeHHe CKaSaHHOMY MOXKHO YBHICTb 
TakxKe MB TOM, YTO MHOrMe HeHTpbI BereTaTHBHBIX KOMNOHeEHTOB aHadulakTHye- 
CkKoli peaknun (MbIXATeIbHBIMi, cepyeuHO-COCyHCTHI) PacmosO*KeHbl HMeHHO 


B OOacTH peTHKyApHO dopManuu. JIuTepaTypHbIe JaHHbIe MOSBOMAIOT TAKE 
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HumencuBvocms peaxyuu 
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AYMaTb, YTO HMCHHO Ha YpOBHe PeTHKyJIApHOH dopMauuM pasBepTHIBAaIOTCHA 
CHCTEMHBIC, KOOPAMHUPOBaHHbIe peakIMH, COCTaBJIAIOMIMe dbusHomorMyecKoe 
cofepKanHHve aHapuslakTuyecKo peakUMH: U3MeHeHUA AbIXaHus, KpoBepacmpe- 
AeCN€HHA, PBOTA, Kaleb Hu Ap. Hakoneu, skcNepuMeHTabHO JoKa3aHO, 4TO 
HHMCXOAAMIHE PETHKYAPHbIC CTPyKTyPbIl yUaCTByIOT B PeryJIAWMM NOTOKAa cnH- 
| HaJIbHBIX HMITYJIbCOB HM K CkeleTHOH MyckyslaType. PerukyaapHaa dopmanua 
_ CTBOJIa MO3ra KOHTPOHpyeT MOTOPHy!O aKTHBHOCTb MposouroBaToro uw CnuH- 
| Horo Mosra, YTO JaeT MpAMble OCHOBAHHA MpesNONarath aKTHBHYIO POJIb petu- 
| KyJIApHol copMauHH UB KOHTpose Hal ABUTaTebHBIMM KOMMOHeHTAaMN aHadu- 
} JaKTHYeCKOH peakIluH. 

IIpuBeqeHHbie HaOONeHUA H CBELeHUA M3 HTepaTypbI MO3BOMAIOT Mpemnona- 
PaTb, UTO TOPMO3HOe BIMAHHE AMMHASMHA Ha aHacpUaKTHYECKYIO PeaKILHIO, BO3- 
MOXKHO, 0OA3aHO ero ONOKUPYIONIEMy BIMAHHIO Ha TIPOBOMALLMe MYTH WeHTpaub- 
HbIX PC€THKYJIAPHbIX CTPyKTyp CTBOJIa MO3ra. OTOT MeXaHH3M Ha Halll B3rJIAL 
ABNACTCA OCHOBHBIM. OJHaKO MIpH XapaKTepHCTHKe TOpMO3HOrO BIMAHUA aMH- 
Ha3vHa Ha pa3sBHTHe MH HCXO_ aHaduakTMYecKOH peakWHu HeEOOXOZMMO yu4ecTE 
ero BIIMAHHe Ha Nepudepuyeckue OTAeE/bI HEPBHOH CHCTeMBI, B UACTHOCTH Ha HH- 
TEPOLCNTHBHbIe pedJieKCyl. 

Takum 0O6pa30M, pe3yJIbTaTbI MpPOBeAeHHEIX OMbITOB MOTBEPKAalOT pasBH- 
BaeMble HaMH Tipe(CTaBJIeEHHA O HeEOOXOAMMOCTH pa3JIMYeHUA B TAKOM CJIOXKHO! 
M CHCTeEMHOH peakUMU, KaKOM ABJIAeTCA aHaduakTMYeCKan peaKkIlMA, MeXaHH3- 
‘MOB Chemuduyecko u Hecnemuduyeckol mpuposp. OnbiTret noKa3samM, B ¥acT- 
.HOCTH, 4TO aMHHA3HH He BJIMACT Ha PasBUTHe MpolleccoB ceHcHOuM3aNU (YTO 
coriacyeTca c qanHpimu A. M. Uepuyx u H. C. Tosmmauesoii (*)) u necencu6usn- 
3allHH, B OCHOBE KOTOPBIX JI€XKUT CNeMMunYeCKHH, COOCTBeEHHO HMMYHOJIOrM4eCKH 
MeXaHH3M B CMbICJIe peallMH COeHHEHHA aHTHreH — aHnTuTeOo. Bmecte c Tem, 
| AMMHA3HH CVINeECTBEHHO H3MeHAJI XapakTep, MHTCHCHBHOCTb, JJIHMTebHOCTb 
| flaxke CTpykKTypy Hecnenndpuyeckolt uM COOcTBeEHHO (bUsHOMOFMYeCKON CTOPOHBI 
aHauNakTHyeCKOH peaKIHH¥, KOTOPad peasu3yeTCA C BOBJIeYeHHeM MHOrHx 
CHCTeM HM OpraHOB OpraHH3Ma. B cpaBHeHHH C HallIHMM IIpPOUIWIbIMH OMbITaMM 
B 3TUX SKCINEPHMeHTAaX OTYETJIHBO BHIABJICHA B Pery/IALHH HechelupuyeckoHn CTO- 
POHbI aHacuakTHYeCKOH peaKIMH pOJlb PeTHKYJAPHOH chopMaunHH, KOTOpaA 
HMM€eT BaxKHOe 3HAUeEHUE JIA PeaTH3allHH pasqpaxKeHHH, BOSHHKAIOMIUX BCJe]- 
CTBHe peaKIMH aHTHreH —- aHTHTEeJIO. 

B 3akloueHHe MbI CUHTaeM HeOOXOAHMbIM OOpaTHTb BHUMAaHHe Ha 2KeJla- 
TeJIbHOCTh NOMCKOB (apMaKOJIO“MYeCKHX IpenapaToOB C BbIPaxKeHHbIM KYIIMpyio- 
ULHM JleHCTBHeM Ha Mmpowecc ceHCHOMJIM3alHH, Tak KaK aHTHPMCTaMHHHble mpe- 
MapaTbl OKa3bIBalOT BJIHAHHe IIpPeMMYyleCTBeHHO Ha HecriellMpuyeckylo CTOPOHy 
aHaduJiakKTH4eCcKON peakIlMH, He OKa3bIBaA CYylleCTBeHHOrO BIMAHMA Ha co6cT- 
BeHHO MMMYHOJIorMyecKHe MeCXaHH3MbI aJlJIepru4eCKHX PeaKIMH, O YeEM CBHLe- 
TEJIBCTBYIOT Hal ONLITLI C AMMHA3SHHOM, AHa30JIMHOM HM JMMepovIOM. 


a 
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Jloxnusanm Anvagemau nayr CCCP 
1961, Tom 138, Ne 5 


PHIHOJOPHA 


A. M. MOHALHKOB un 10, B, OCTPOBCKHA 


BJIMAHUL AMMYHMSALLMK HA COJEPIKAHHE JIASOLLMMA 
B CJIOHE JKABOTH DIX 


(Hpedemaaaeno axademucom B, H, Yepuueoacxum 26 I 1961) 


HecMorpH HA GONPUIOe KONMHeCTBO HCCNeLOBAHMA, NMOCBALCHHbIX M3y4e- 
HMO JIMSOUMMA, BONpOe O (PHSHONOPHYeCKNX MeCXaHH3Max peryJIAWMH cojylep2Ka- 
HUM JIMSOUMMA B PASIMGHbIX AHAKOCTAX WH TKAHAX OPPaHH3Ma HSyden COBEep- 
IWCHHO HEOCTATOUHO, By vaernoerH, uMeeTcn Bcero JIMWIb HeCKOJIbKO paoor, 
MACHIOINUXCH AHAJIMSA Pod HepBuon CHCTCMbl B TIPOAYKUMH HaKkOWMJICHHn 
MG0WWMa B Opranax wu TKanAX (4,7,"), 

TOUHO TAK WC CLUHMIHbL HW ACCCLOBAHHA, HMe@IOWULHe WeJIbIO HSyYICHHe BJIMA-- 
Hi AKTHBHOM AMMYHHGALMM Ha Cosepxcanne JiMaouMma (*,°), Sagaga HacToa- 
yet PHOOTh COCTONWIA, BOMepBbIX, B ONPeeJen nH COC PAK AHN A JIM30UUWMa 
COE WMBOTITDIX PASTDEx THILO HePBHOH CHCTCMbI H, BO-BTOPbIX, B YCTAHOBJIC- 
HM CPCHCHH MIMAHHA BAKUMHAUMH Ha Wpowece OOpasoBaHHA JIMZOWMMa B Op- 
PANHIMe, 

HAGHOLCHMA MpOBROAMIMCh Ha AeBATH GeCnOpoOAHbIxX COOakax pa3sHoro BO3- 
PACTA H HOA, HO fh GOJI bUIMHeT HE ChOCM IPHMepHo OAHOPO BeCa, IlpeqpaputTesbHo 
Y HEKOTOPhHIX MUBOTHDIX ONPCHCIAJIMCh THNOMOPHFECKHe oco6eHHocTH BHICen 
HEPHHO NCNTEMPHOCTH HO MaJIOMy CTaHapTy, Y APYPAX AWHBOTHHIX YCTAHOBJIe- 
HG THI HPOMSBOLMMOCh HA OCHOBE AIMTeNbHOH PaOoTbl C HAMM NO MeTOyy 
yeoninix pedieKcos, HMeenesonanne Boiciiell HepBHOH JeATebHOCTH YKUBOT- 
HX NPOKOAMOCh B La6oparopun Bpiewel HepBHol AeaTenpuocta Mnctutyta 
HOpMabiHOl MH HATONOrMHecKoH (usnouorHM (B Hactommujee Bpema Muctutyta 
nenxnarpun) AMIEL CCCP, 

LIpoOusHOAMNOCh ONPEACMCHHE JIMZOLMMA B C/OHE XXMBOTHDIX, BbIe/IAeMOn 


HO WiHHeM HMMeBord noxKpenmenHa (100 r maco-cyxapHo cmecn). CyoHa 


Y HWCEX WUBOTITDIX Op AJiAch HATOILAK NPHMe@pHO B OHO BpeMA HA (yTpoM). 

BTATUR eT Ta CED NPOHNSBOAMIIACH C MOMOLTbIO TeTPABAKIMHbI, comepmaulert 
yOurLe MUKpOGh! Gpiounore Tua, Haparupa B, Ausenrepun Tuec — Dyexc- 
Hepa nw Kpyse Joune, Bakina BROLMIACh NOLKOXKHO JBYKpaTHO C HHTepBa~- 
JOM 1 LO jHely Hepnonadaipno 3 Mi, Bropol pas 2 MJ, Cosepxanne jmM30nnMa 
HW CJNONE HOCHELOBANOCh B CIELYIONINe CpOKH: 1O HadaJia HMMYHHSalHH, Yepes 
2, bn lO eyrok Hoevie NepBoro BREACHHA BAKUMHbI, a TawKe uepes 7 u 15 qHet 
HOCH HrOPOPO BREACH Y, 

(i WEP ACAHHe JIMSOUMMA BCIHOHEG ONPeCLeTAJIOCh 10 OOMLenpHAATON mMeTOJINKe, 
Paspaoorannol G, B, EL pMowpenoh H OCHOBAHHON Ha BhICOKON YYBCTBUTEJIbHOCTH 
K AeheTHMO JiMsouNMa GaxTepHit Micrococcus lysodeykticus. 

THTpP JMSOUMMa yerTataBIMBaes 10 HanGoJIbuIeMy PasBeeHHIO CJNOHbI, MPH 
KOTOPOM CHLG HAGJHOLAIOCh TOMOe pacrBopeHnne cTanjapTHuon B3BeCH MUKPO- 
bon (Lo wip Mukpo6nnx Tel B 1 mut 0,5% pacrBope noBapeHHon com, IpA 
phi 7,2-—7,4), 

I} XO SKCHEPHMEHTOR GObvio yeTanoBeHO, Mpexye Beero, YTO AUCxoAHoe 
(10 UMMYHHSAlHM) COLepPACAHHe JIMSOLMMA B CJHOHE ABIAeTCA PasJIH4HbIM, TIpH- 
VOM HMCOTCH OPCHQICHHAA KOPPeIAIHA M@KLY STHM NoKkasaTeieM WM THITOM 
HepHiol cucremnr #uBOTHLIX, Tak, 43 YeTHIPeX YAMBOTHbIX — IpeycTaBHTeeh 
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cadoro THIa HepBHOH cucTemEI — y Tpex coOa TUTP AHBONMMA B CONE JO 
MMMYHM3aIlMM Obl COOTBeTCTBeHHO papen |: 150; 1; 200, 1: 400. ¥ yeTBep- 
Tow coOaku (Parka) oH paBusvica pasBezenuio cous | : 4000. Cuenyer or- 
M€THTb,YTO K STOH COOaKe NO ycIOBHAM SKCHepuMeHta Obi IPHMeHeH cylOHcHbIti 
cTepeoTHil YCuIOBHBIX pa3parKuTeseH, KOTOPbI oKasacH TPYHbIM JIA ee 
- HeEpBHOH CHCTEMEI. BuuMo, STO %XMBOTHOE Culelyer OTHECTH K JIPOMexK YTOUHOMY 
THNY HepBHOH CHCTeMbLI. 
Y NATH co6ak CHJIbHOrO Tuna CcojslepxkaHne JIMS80IMMa ObIIO BbICOKHM HW KOJIe- 
OanOcb B pesenax TuTpos or |: 1000 yo 1 : 5000. 
TouHO Tak %Ke pa3/INUHDIM OOpasoM H3MeHAIOCL cosepxkaHHe JIMSOLLUMA 
B CJILKOHE co6aKk PasHbix THIMOB HepBHOH CHCTeMbI MH TO] BUINAHHeM MMMYHHSAILHH, 


Ta6Oauua 4 


Conepxxanue JIM30INMa B CyIIOHe COob6aK PaSHbIX THITOB HepBHOl CHCTCMbl MOCJI€ BAaAKIVMHAILNH 


Tur P JHSONHMA B CWIONHE 


Kauuka mo ummy- |Yepes 2 cyToK |yepes oie aan 10 Ein vi Net bet Ag 16 eel 
cooakn Hus ann mocuie 1-ro nocge 1-ro nocne 1-ro mwocne 2-ro nocne 2-1o 
BBeTenHA BBeTeHHA BBeMeHHA | BBE TCH YH! HBENEHH AH 
7 Cunbubi Tun nepBHolki fuctTemp 
Bow4oK 1 : 4000 4: 8000 1: 4000 1: 2000 1; 20 175 
’ Jlacka 1: 1500 th ltl 4: 400 1: 100 — — 
KamtaH 4: 4000 4: 1000 1 : 200 1:40 V2 — 
’Myca 4: 4000 11200 4; 900 1: 800 10 Cr 
PycaaH 1 : 5000 1: 3000 1: 2000 1 +900 4420 426 
i Cnua6ni Tun nepsuoti cuctembt 
Jlox 1 : 200 sk Pars) qi) i ee — — 
Jlanka 0; ik Aa) Lik) laa -— -— 
PapKkaa 1 : 4000 1 6200 1: 600 4: 500 195 — 
puna 1 : 400 he) deo iret) — ~ 


Tloce nepBoro BBeJeHUA BAKUMHbI OCOOEHHO 3HadHTe/IbHOe H ObIcTpoe naenne 
TATPOB JIM3OUMMa OTMeYasOcb y coOak ClaOoro TuMa, YxKe uepes 5 cyroK nocwe 
MlepBoro BBeCHHA BaKIMHbI Y TpeX H3 YeTbIPeX XKUMBOTHHIX ITOPO THITA JIM3OLLMM 
B CJOHE MpakTH¥eckH OTCYTCTBOBal, a y PbpKei OH CHMB3MJICA TIpMMepHo 
B 8 pas. B sTo xe BPeMA Y XKMBOTHDIX CHJIbHOFO THIMa HepBHOll CucTeMbl TUTP 
JIM30UMMa y JByX coOaK OCTaJICA HeEH3MeHHbIM, Y OHO CHusHICA B 2 pasa H 
y AByxX coOak OH CHH3HJICH CooTBeTCTBeHHO B 15 u 20 pas, 

Iipu6ausutenbHo Takue 2Ke COOTHOUICHMA B COsep»xKaHHU JMZOILMMA Y 2KMBOT- 
HbIX Cla60ro HM CHJIbHOrO THMa HepBHOL CHCTeMbI COXpaHHJIMCh UM B MasbHell- 
wiemM — JO BTOporoO BBeeHHA BakUMHbI. Onako mocvie 2-H WHbeKUMH BAaKILMMbl 
KapTHHa CyillecTBeHHbIM O6pa30M u3MeHHVIaCch. YxKe Ha !7 eHb pesKoe Naenue 
TUTPOB ObINO 3aperucTpHpoBaHO y BCeX 6e3 UCKIOYVCHMA YKMBOTHDIX, 

CBOJHBIe pesysbTAaThI SKCHEPUMEHTOR NpHBeseHbI B Tad. |, 

Tlepuwog BocctanoBsenua cosepxKaHHA JNH30IHMa B CJIOHe JO HexoMNoro 
YPOBHA ABIAJICA BECbMa JWIHTeIbHbIM HM pacTarHBaJica Ha cpok 1—1,5 mMecawa, 
Y weKoTopbix xe coOak JlaxKe 10 mpowecrsuu 70 Heli nocne Hadadia BaK- 
UWHHAaMMM cOsepxaHHe JIM30UMMa HU CJIIOHE He LOCTHPIO HCXOMHOM BEJIMYHHDI, 

Kak Nloka3asiu ChelMasbHble UCC/IeEOBAHUA, NWapaiebHO C YMeHbIWeHHeM 
| COepKaHHA JMZOWMMa B CIOHe MOC/Ie BAKUMHALMM HaOOLANOCh HeYK/JOHHOe 
BO3PaCTaHHe THTPOB aITIOTHHHHOB B CbIBOPOTKe KpOBH CcOo6ak K MHKpObaM, 
| BXOJMBUIMM B COCTaB BaKIMHbI, HCMOIb30BaHHOH JIA MMMyHusalnn, B iesom 
| CKNlaipipaeTcA onpeneieHHoe BieyaTIeHHe O TOM, YTO lO Mepe HakoriennA 
KPOBH CilelupuyecKkuX aHTHTeJ 3HAYeHHE JIMZOUMMa Kak (pakTOpa ecTecTBeHHOL 
€3HCTCHTHOCTH OpraHH3Ma YMeHbIIaeTCs, 

_ Bmecte c Tem, TakxKe OlpeseJleHHO BbIPHCOBbIBACTCA MH POJlb HEPBHbIX Me- 

aHH3MOB B peryJIALMN COsep2K aHAA JIM3OILHMA. ITO BUHO, IIpene BCero, K3 TOPO 
TO HaOmOfaeTcA onpeeseHHaA 3aBUCHMOCTb MeXKJly COepKAaHVeM JIMZOUKMG 
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B clIOHe HM THMOMOrHYeCKHMH OCOOeCHHOCTAMH HepBHOH CHCTeMbI 2XHBOTHBIX. 
Kpome Toro, MOxKHO MoslaraTb, YTO BJIMAHHe BAKUMHALMN Ha COMepXKAHHe JIH30- 
IMMA OCYINeCTBIAeTCA He MyTeM HenocpeACTBeHHOTO JeHCTBUA OTACMbHBIX XH- 
MMYeCKUX KOMIOHCHTOB BaKI[HHbl Ha KJIeTOUHBIA CcyOcTpaT, OTBETCTBEHHBIM 3a 
TIPOMYKUMIO JMSOILHMa, a Wepes W3MeHeHHe peryJATOPHBIX HePBHbIX MeXaHH3- 
mos. O6. 3TOM, B YaCTHOCTH, TOBOPAT MHOTOUHCJICHHBIC (pakTbl, YCTaHaBJIMBalo- 
ue BJIMAHMe AHTHTeHOB Ha PasJIMYHbIe OTACVIbI HepBHOM CHCTEMBI (yd 8 Bae 

Takum o6pa30M, IIpOBeeHHbIe HaOJIOJeCHUA MOKAasaH, YTO Ha CofepxKaHHe 
JIM30NMMa — OfHOrO H3 BaxKHbIX PakTOPOB HecnelmM@uyeckoOH pe3HCTeHTHOCTH 
opraHu3mMa — OovIblioe BMAHHE OKA3bIBalOT AHTHTeHHbIe paspaxkeHHA, BbI- 
3HIBAIONHe pasBHTHe CielMPuyeCKUX 3alllMTHbIXx IIpOTHBOMMKPOOHBIX peakunit. 
B peaisalnu BIMAHHA ToOCMeqHUX, TaK Ke Kak B peryJAWwu cofepxKa- 
HUA JIM300MMa, BaXKHaA pOJlb, MO-BAAMMOMY, MpHHasWiexKUT HepBHBIM MeXa- 
HH3MaM. 


Tloctynuo 
24 I 1961 
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yuus., cep. OHon., B. 22 (1950). 


1240 


ae 


Woxrmzagm Ananemun nayr CCCP 
1961. Tom 138, Ne 5 


eas: 9 ag 


PH3SHOJOTH A 


O. A. OCTPbIM u 3. HW. COBHEBA 


OB H3MEHEHHHM AHTHFEHHOUM CTPYKTYPDI 
MbIMIEGHOM TKAHH NO BJIMAHHEM 
HEPBHO-AMCTPO®HYECKOLFO MPOMECCA 

(ITpedcmaezeno axademuxom B. H. Yepuueoecxum 19 XII 1960) 


Ilpo6mema HepBHO Tpouku UM HepBHOM AUCTpoduu 3aNHMaeT OHO U3 BaxK- 
_ HBIX MeCT B aHaJIM3e pa3JIMYHbIX (PUSHOMOrMYeCKUX HM NaTOMOrMyecKuXx Mporec- 
coB. BMectTe c TeM OHA JlaeT BO3MOKHOCTh NOAXOMUTh UM K CHHTeSY MHOFHX pas- 
PO3HEHHEIX (akTOB, paCKpbIBan UX TeHe3 H 3HAYHMOCTE B MeXaHH3Max 3aGoule- 
BaHHA M BBISOpOBJIeHHA. 

B cucteme uccneqopanuii A. J]. Cnepanckoro Opi ompezemeHbl OCHOBHEIE 
3aKOHOMEPHOCTH pa3BHTHA TeYeHHA HM UCXOZa AucTpoduyecKkoro Mpouecca, BBI- 
.3BaHHOFO pa3JIMYHbIMM NaTOreHHbIMH (akTopaMu cpesb. Hapayy co cnenMasn- 
SHpOBaHHBIMH (OpMaMH HEpBHEIX AuCTpobuli Combuioe BHUMaHHe (**) OBO yre- 
‘JleHO HeCHelM@uyeckuM (tbopMaM MpoxBJeHuA 9TOrO Mporecca. IloceqHue No- 
JyUHIM HaSBaHMe CTaHapTHOH (PopMbI HepBHOH MMCTpOpHH; OHH OTPaxaioT 
reHepasu3alu1o WMCTpodpuyeckoro Mpolecca BHe 34BHCHMOCTH OT MecTa HW 4aCTO 
OT KaYecTBa MaTOreHHOroO areHTa. 

AuanM3 Ooubioro KOM4ecTBa MOYYeHHEIX (baKTOB MIpHBOAM K 3aksOUe- 

HHIO, 4TO Nporpeccupyiollad DucTpopua cBA38aHa He TOJIbKO C HapyiIeHHAMH 
KpOBOCHaOwKeHHA, HO HW C ryOOKHMH HapyWeHHAMH B CaMOM OOMeHe OpraHi3Ma, 
M B YaCTHOCTH B TKAHAX, JIMUICHHEIX HOPMaJIbHOH MHHepBallHH. 
7 K coxkaJleHHio, elle 20 HaCTOAULero BpeMeHH He PaCKPbITbI OovIee HIM MeHee 
| MIOJHO Te KOHKpeTHbIe MeX aHH3MbI, KOTOpPble OOYCJIOBJIMBaIOT HE TOJIbKO pa3BH- 
THe HePBHOM JMCTpopuu, HO H UX TeHJeHIIMIO K HeYKJOHHOMY Mporpeccupo- 
BaHui0, TOPMHAHOMY TeYeHHIO Oe3 AOCTaTOUHO BbIPaKeHHOH PeaKIMU 3alllMTHO- 
BOCCTAHOBHTeJIbHOrO XapakTepa. 

OneHuBaa 3TH OOCTOATEIbCTBA, MbI MOCTaBHIM Nepex coOol 3afaty U3y4HTb 
| aHTHTeHHY!0 CTPyKTyp TKaHeli, HAXOAAWMXCA B COCTOAHUM MCTpopuH, Bbl- 
. 3BaHHOM HapyllieHHem ee HHHepBarHH. Moxkuo ObiO NpeANOOKUTb, ATO B IMpo- 
mecce pasBuTHA UCTpoHu Hapylienve OOMeHa B TKaHAX MOET AOCTHPHYTb 
TaKOM CTeNeHH, Kora OyeT H3BpallleH He TOJIbKO HOPMaJIbHbIM CHHTES OeKo- 
BLIX CTPyKTyp, HO Ha MO4¥Be STOO NOABHTCA M YyKepPOMHbIM AHTHTeH, KOTOPbI 
MOXKET CTaTb (aKTOPOM ayTOCeHCHOMMH3aMH OpraHH3Ma MpOTHB OTAeJbHbIXx 
KOMMOHEHTOB COOCTBEHHEIX TKaHelt. Takol MoAXod oMnpaBybIBaicA TeM OOCTOS- 
TeIbCTBOM (yxKe JaBHO 3AMCYeHHEIM HEKOTOPBIMH aBTOpaMH), UTO DucTporuye- 
CKMM Mpomecc B TKaHAX BueyeT 3a COOOl peakUMH, OmH3KHe 0 caoeH RpApome 
K MMMyHoOnoviormyeckum. Tak, nampumep, T. A. Ipuropsepa (*,°) ¢ comp. 
MOKa3aiv, YTO nocme JeadbpepenTalHu TKaHM HaOmOfaeTCH UX MHPUJIbTpPalAA 
HeHTPOUIbHLIMH JIeEHKOWMTAaMH, TKAHEeBbIe JI@MCHTBI enudhepexiupyioTcs. 
YUATHIBAA, ITO HEHTPOpUIbHaA HHDUMIbTPAaNA TKAHeH MpHBOAMT K MpOTeOJH- 
3Y, aBTOp OLeHHBaeT STOT Mpouecc Kak peaKUMIO Ha OTTOpxKeHHe Nenudepen- 
WMpOBaHHBIX Y4aCTKOB, KOTOpble CTAHOBATCA Uy2KbIMH WIA OpraHisMa. 

O ray6okux OvoxHuMM4YeCKHX H3MeHCHHAX B JleHepBUpOBAHHBIX MbBIINLAaXx 
roBopaT ucceseqopauun JI. JI. Pepamana (**), a Take X. C. Komroasnua ¢ 
cotp. (°). ; 

Pa6otamu JI. H. Haconosa c corp. ("*) Oblulo ycTaHoBJIeHO, UTO Nepepaspa- 
X%KeHHe TKaHeli BedeT 3a COOOl UX OeIKOBy1O AeHATypallio, MPOABJIAIONLYIOCA 
|B MOBbINeHHH COpOWMH BUTAIbHBIX KpacuTeel. B padotax O. A. ee 
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YMBIBATeJIBHbIe, 


(KallmeBbIe cyfo- 
—OTCYTCTBHe peaKHuH. 


, 9HePruyHpre 


+++ Manpifi anadunaxtuyeckufi moKx 


JHHOUHBIE KalllJIeBble TOMUKH 
CJIBHbIC JBHKeCHHA; + JerkHi TPeMOp; 


YMBIBATeJIbHbIe H YeCaTeJIbHbIe FBUKeHHA); ++ 0 
Tesla, CKOPOMPOXOAAUHe HKeBaTeMbHbIe H YMbIBAaT 


dunakruyeckuh mwoK, Mpocrpayua, 6e3 cMepTeabHOrO ucxoga; 
MYCCKHX MBI. 


+ He6onbwof Tpemop Bcero 
muH Osbl aHTHTeHa AUucTpo 


paccTpolicTBa AbIXaHuA, SHEPrHYHble *WKeBAaTeJbHbI!e, 


a 


* Ycnospupie o6o03Hayenua; +++4 tTaxenpiii ana 
** K MOMeHTY BBCeHHA pasperlaio 


2KEBATEJIBHbIC H YeCATeJIbHbIe ABH KEHHA 


PORKHBIe TOMUKH, 


ul. HW. Axuna (',**) Obim0 moKasano, 4TO pasBuTHe 
HEPBHOH JMCTPO*PHH, BHISBaHHOH MepepesKoll CeqaMUL- 
HOrO HepBa C NOATpPaBJIMBaHHeM eFO LWeEHTPaJIbHOrO KOHILa 
(PopMaIHHOM, MpHBOXUT TKanH (MBNeUHYIO) B CocTos- 
HHe = NapaneKpo3sa — pa3JH4HOH CcTeneHH HM rayOunnl. 

OTH HM [pyrve MmpekmocniKu no6yquaM Hac mped- 
MIPHHATb CMHeWMaIbHbIi SKCNepHMeHTAbHbI  aHaJH3 
AHTHTeCHHOH CTPYKTYPbI Mb B YyCIOBHAX pasBUTHA 
He€pBHOAMCTpo*uyecKkoro mMporecca. 

Auctpopuyeckuit mpouecc BbIsbIBaICA HaMH y OeJIbIX 
KpbIC Nepepe3KOli BCeX UYBCTBUTEIbHLIX KOPeWIKOB CMHH- 
HOrO MOSra, WHHEPBHUPYIOUIMX COOTBETCTBYIONLYIO 3aj- 
HIOIO KOHeYHOCTh. Uepes Mecsai nocae jeadibepenta- 
WMH KOHECYHOCTH, Kora y pxAja XMBOTHBIX BOSHUKaJIH 
AUCTpopuyeckue ASBbI Ha CTOMe, 9TH XKMBOTHbIe yOuBa- 
JHCb MyTeM oOOesrviaBMBanua. M3 u3MeqbYeHHBIX MBILLUIL 
NeadpdepeHTHpoBanHHOl KOHeYHOCTH 9KCTParUpoBaUCch 
OeIKH — IlyTeM JoOaBleHua cocaruoro 6ydepa uONHOH 
cubt 0,03 u pH 7,4 —sB reyenne 2 uac. na xouony. Ma- 
TepHadl NponycKayica vepes 5 cm0eB MapJIH; Mpou3Bo- 
AWOCh Olpeyetenne cosepxaHua OelKa C MOMOULbIO 
pe@pakTometpa (tuna PJLY). 

Tlomyyennpili TakHM oOpa3s0M 9KCTpakT cogepxKau 
oT 2,84—3,2% Oenka. W3yyenve anTurennoii cTpyK- 
TYPbI MBIUeUHBIX OeIKOB WHCTpodwyecKoH KOHeYHOCTH 
NpOW3BOAUIIOCb MeTONOM aHaduakcHH c JecencHOnJH- 
sayven mio JI. A: Sump6epy (?, 3, &-8, 1°). C srolt nembio 
MOpCKHM CBHHKaM BecoM 250,0—300,0 r nox koxy 3ayl- 
HeH KOHCYHOCTH BBOZNOCh No 0,2—O,4 Mu IipHroToBJeH- 
HOrO yKa3aHHbIM CnocoOom 6elKoBoro 9KcTpakTa. Uepes 
30—40 qHeli MopcKve CBHHKH JleCeHCHOMMH3HpOBasHCb 
CBEXKENPHTOTOBJICHHEIM H OTILCHTPHPYrHpOBaHHbIM 9K- 
CTpaKTOM H3 HOPMaJIbHbIX MBIUIL KOHeEYHOCTH OeJBIX 
KpbIC MyT€CM BHYTPHBeEHHO"O BBeTeHHA 0,5 MII 9KCTpaKTA. 
B  mocseyrouleM MpoBepsiacb MOHOTa JeceHcHOnmH- 
3allHH MOBTOPHBIM BBeeHHeM B Beny | MJ 9KCTPaKTa H3 
HOPMA@JIbHBIX MbIL. B OTeIbHbIX CITYYadX, pH HaJH- 
WMH peaKIHH Ha NOBTOPHOe BBeZeHve Seka, MpOHSBOLH- 
JIOCb JONOJIHHTeIbHOe BBeeHHe B BeHy 1 MJ 9TOFO xe 
9kcTpakta. Ilocme Toro KaK MOpCKHe CBHHKH OKas3bi- 
BaIHCb MOJIHOCTbIO AeCeHCHOHIH3HPOBaHbIMH K OeKaM 
H3 HOPMAJIbHbIX MBI, MpOBepANacb UX peaKTHBHOCTb 
NO OTHOUWICHHIO K MHKpoOaM, BBICeHHHBIM H3 HCTpO- 
cbuyeckux 3B. C 9ToH wWelbio CBUHKaM BHYTPH- 
BeHHO ObIJIO BBeeHO No 1 Mu CycNeH3sHH, cosepKausel 
1 Mapa. MMKpOOHBIX Te (MpoBepKa Ha BO3MOKHOCTb 
CeCHCHOMMM3ANHH XKHBOTHbIX MHKpOOHbIM aHTHreHoM). Bo 
BceX CJIy¥aiX OTMeYasacb OTPHlaTebHaA peakus. 

CuelyeT yKa3aTb, 4TO Nepey, BBeeHHeM MBILNeUHbIX 
SKCTpaKTOB H MHKpOOHOli CyCMeH3SHM OMBITHBIM 3KHBOT- 
HbIM STH BelleCTBA MPOBEPANHCh Ha HOPMaJIbHBIX 2KH- 
BOTHBIX C I[@JIbIO BBIABJICHHA MX «MepBHYHOI> TOKCHY- 
HocTH. Bo Bcex cCJlyuaiX <«lepBHYHaA» TOKCHYHOCTb 
TIPHOTOBJICHHBIX MBINeCUHbIX SKCTPaKTOB H B3BeCH OT- 
MBITBIX MHKpoOoB oTCyTCTBOBaa. HopMaJbHble XKHBOT- 
HbIe MepeHOCHJIH BHYTpHEeHHOe BBeeHHe | MJI STHX Be- 
mecTB 6e3 KaKHX-M60 peakuHil. 
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Tlocne moctaHoBKH BCeX YKa3aHHbIX KOHTPOJIbHBIX OTIbITOB ceHCHOMIM3H- 
pOBaHHbIM CBHHKaM BHYTPUBeHHO BBOAMNaCh paspellaioulaA o3a — 1 ma Oen- 
KoBOro 9KCTpakTa M3 jMcTpodMyecKUX MbILIIIL. Y O60ubIIMHCTBA 2KABOTHBIX 
B OTBET Ha BBeeHe pa3spelaiomel NOSbl AHTHTeHa OTMeYAJHCh aHadpulakTHye- 
CKWe peak pasiH4HOH TAXKECTH BIWIOTb MO aHadulaKTHYeckoro WOKa CO 
CMepTeJIbHbIM HCXoj0M. B mocwJeqHUXx Ciy4aAax YKUBOTHbIe€ BCKPbIBaIMCb Ha ipe- 
MeT BbIABJICHHA HaIMINA Ciemnpuseckoro WIA anadusakTH4ecKoro WoKa Mop- 
cKoli CBMHKM CuMMToMa Ayapa — Jlouca (cma3M rilaqkoH MycKyslaTypbl Opox- 
XOB, 9Mpu3eMaTO3HO B3fyTble JIerkue TMA KOJIOKOJI€). 

Pe3yJbTATHI OMbITOB MpeCTaBJIeHbl B ra6n. 1. U3 nee BUHO, YTO M3 28 MOp- 
CKUX CBHHOK, CeHCHOMIM3MpOBaHHbIX 9KCTpaKTOM M3 MBILNIL jucTpoduyeckon 
KoHeanocTH, y 19 %HBOTHBIX Oba oOHapyxKeHa pe3kad aHadpHakTMdecKkan 
peakuua c ruOestbio 13 AMBOTHBIX. Ha BcKpbITHH y BCeX 2KHBOTHBIX OOHAPYy2KeHO 
uanuaue cumitoma Ayapa — Jliouca. Y 2 MopcKUX CBHHOK HaGsoMasica TAKe- 
pit anapusiakTHyeckHit WOK My 4 Tak Ha3bIBAeMbIii MasIbiii aHapuakTM4eCKHH 
wok. V3 ocrabublx 9 XKMBOTHBIX y 7 — aHadusakTMyecKMe peakUMH ObLIH 
H@3HAYMTCIbHbI, y 2 MOpPCKMX CBMHOK OHM OTCYTCTBOBAJH. 

Takum o6pa3oM, B Mpollecce pa3BUTHA HepBHOM AMCTpOPHN B TKaHAX, JIH- 
INeHYIbIX HOPMaJIbHOM MHHepBallMH, BOSHUKaIOT Ty2KepOAHble auTurenuble Oe- 
KOBbIe CTpYKTYpbl, CMOCOOHbIe BbISBaTb cnlenuuyecky!0 CeHCHOMM3AaILMIO C 
MOCNeLYIOULMM aHapusakTHYeCKUM IOKOM B OTBET Ha MOBTOPHOe BBeeHHe 
9TOrO aHTHreHa. 

BunBuleHHbIli (baKT UMeeT NIpHHILMMMaIbHOe 3HAdeHHE, TAK Kak OH T1O- HOBOMy 
pacKpbiBaeT OJMH M3 MeXaHH3MOB HepBHO-AUCTpouyeckoro Mporecca, MOKasbl- 
Bad, UTO HepBHAaA WUCTPOPUA, BLISbIBAA TyOokve HapyWIeHHA B oOMeHe, MO*KeT 
CTaTh M MpWunHoOl MoABeHHA OeMKOBEIX CTpyKTyp, YYRAPIX MTA opraHi3ma, 
U, CeOBATeIbHO, CTATb MCTOUHMKOM pa3BUTHA NaTOMOrHyecKUX Mpoleccow 
ayToarpeccMBHOoro XapakTepa. 

Tlonyyenubie WaHHble TpeOyioT Aa/lbHeHIMero yrayOleHHOro M3y4eHHA B 
LleIX USbICKAHUA, Ha TOM OCHOBe, BOSMOXKHOCTeH MA naToreHeTHyueckol Mpo- 
(puaKTHKU M TepallMM HepBHO-2ucTposuyecKorO Mpolecca. 


Vncrutyt HopMaJbHoit HM maTOOrMuecKOH ¥3vOsOrHA Tlocrynuato 
Axajemun mefqumuuckux Hayk CCCP 13 XII 1960 
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PHSHOJIOTH A 


P. Ml. OJIKDHAHCKAA uf. A. TPYBULLbDIHA 
YCJIOBHOPE®JIEKTOPHbIE H3MEHEHHS! JibIXATEJIBHOFO 
PASOOBMEHA, BHOIJIEKTPHYECKOW AKTHBHOCTH MOSrA 

WM CKEJIETHOM MYCKYJIATYPbI 
(IT pedcmaeaeno axademuxom B. H. Yepnueoeccum 380 I 1961) 


Ucenenopanuamu nauliei madopatropuu (°-*) ycranoBeHa BOSMOXHOCTh yc- 
JOBHOPeMeKTOPHDIX M3MeHeHHA Yra3s00OMeHa B IleJIOM OpraHu3Me MpH Bos- 
AeHCTBUM pa3JIMUHbIX pasjparxKUTe/eH — Kak HepPBHbIX, TaK M PYMOPaJIbHbIX 
(MbILleuHat Harpy3ka, TemMepatypa cpefbl, NpHeM MMU, BBeLeHHe TOPMOHOB 
4 Ap.). B To *%Ke BpeMA XOpOUO u3BeECTHO, YTO U3y4eHHe OOULero raso0OMeHa He 


MO3BOIACT BbIABUTb Te MeXa4HH3MbI, 3a CueT KOTOPbIX IIPOHCXOLAT YCJIOBHO- 
_ pedbsleKTOpHble U3MCHEHUA OKUCJIUTCJIbHbIX MpPOWeCCOB, He NOSBOJIACT BbINCIUTb 


OTJ€MbHbIe Opravbl MU CUCTeMbI, y4uacTByIOUNe B STHX HsMeHeHHAX. Mexkyy Tem 
pellleHve STOrO BOMpoca MpescTaBAeT OFPOMHbIli HHTepec He TOMbKO [WIA MO- 
HYM@HMA 3HAYeCHUA U3MCHEHHH OKUCJIMTeEILHEIX MpolleccoB B OpraHH3Me, HO 
M JIA MOHAMAHUA powJiM OOMeHA BellecTB B POPpMApOBaHHA yCOBHOpedIeKTOp- 
HOW JeATebHOCTH. 

JA BbIACHeHHA STOFO BOMpOCca HaMUM Obla MpesNpMHATA CepHA NCCIeELOBa- 
Huu, KOTOpad MoBTOpAsa NepBylo Hauly paOoTy Cc yc/oBHOopedeKTOpHbIMA 
M3MeHeCHMAMM Tas00OMeHa IPH MbILeYHOM eATebHOCTH (*), HO OMHOBpeMeHHO 
lipH 9TOM perucTpupoBaJINCh IIeKTPMYeCKHe ABJICHUA B CKeJleTHOK MYCKyJla- 
Type MH B UeHTpasIbHOK HepBHuol cucteme. Takum OOpasoM, MpesCTOAMO BbIABHTb 
NposBNeHuA OOulero (B WeHTpaJbuoi HepBHO cucTreme) Mu MecTHoro (B pa6o- 
Talowleh MYCKYysaType) HepBHoro Bos6yxKeHHA Mp OOpa3s0BaHHH YCJOBHbIX 
pedrekcop Ha ras00OMeH mpu MbiluedHDIx Harpy3sKax. [log HaOsiofeHHeM Ha- 
xoqusnoch 14 uenopeK B Bospacte 18—30 wer. 

Tas006mMeH B omHux uccenoBanuaAx onpesenaica mo Zuntz — Haldane; 
B Jpyrux —c MOMOLIpIO aBToMaTHYecKOrO aveKTpuyecKoro mpHOopa beaay. 

Perucrpauua Onorokop bili, M Mo3ra, a Takxe IyIbCa (B HeKOTOpbIXx 
UCCHEMOBAHMAX OMpPeensANACh YACTOTA HYMbCOBbIX YaPOB) OCYIMeCTBIANACh 
¢ MOMOMbIO MHOrOKaHabHOH oOciMOrpadpuyecKOH yCTaHOBKH, B KOTOpylo 
Obl BKMOYEH YACTOTHLIM (PUM_TP MIA BHINCEHHA US IeKTPOIMILedpator paMMbl 
G-PUTMa M 3eKTPOHHble MHTerpaTOpbl, BbIMHC/IAIONIMe OOLYIO AKTHBHOCTb 34 
OnpesenenHblit MpoMex*kyTOK BpeMeHH. 

Orpejenue OuOTOKOB C MbIIIIIL OCYULeCTB/IAOCh MIaCTHHUAaTbIMA CepeOpsi- 
HLIMM aeKTposamulnnousanpio B 1,1 cm’. MexaueKTposuble paccTroaHun ObIJIM 
pasupt 1,5 cm. VUsyyanuch Onoroxu m. digitorium communis Hu mM. biceps. 

Sanuch 2eKTposHedalorpaMMbl MpPOW3BOMMaCb MPM YHHMMOAPHOM OT- 
BeeHUU (3CKTPOMbI 3akPenAMUCh Ha KOXKE POJOBbI B BaTHIIOUHOU o6acTH, 
a uusudtpepentupiit a1eKtpox — Ha MouKe yxa), 

B kauectse GesycoBHoro pasipaxKUTeA Opisa MCHO/Ib3OBaHa MbILIeUHaA 
pa6ora — cxatue pesunonoi rpyuim emxoctpio B 100 MM, MofbeM TupH B 
wu 2 xr wm nogpem rantenei B 3 u 4 Kr. PaOota AMNaCb 2; 34 4 mun. Yeuos- 
Hblit pasipaxKutenb Obl KOMMVIeKCHbIA M COCTOAN M3 COBeCcHOrO CHrHada 
0 mofaye pasipauTeseh U 3Byka MeTpOHOMa 100 u 116 yqapoB B MuHyTY. 

Onpeyenenve raz006mena UM MyJibca, Tak *#Ke Kak H 3allHCH aeKTPUYECKHX 
nokasateseh, MpOusBOAMOCh B MoKOe, B MepHok H30/MpOBAaHHoro yeHcTBUA 
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yCOBHOrO pasparkuTeiA, BO BpeMA BHINOJHCHUA MbIMIeUHOH Harpy3KH U 
B BOCCTAHOBHTeJIDHbI MepHo mocie OkKOHYaHUA padoTHt. 

Uceneyempie JImita BO BpeMA OMbITa HaXOAWIMCh B NMOMOMKCHHH «J1e2K a» 
B SKpaHHpoBaHHO KaMmepe. 

Bo BpeMA BbITIO/INeHHA MbIMeCIHOH PaOoTbl OTMeUAJIOCb MOBBIMICHHE ra3o- 
oOMeHa M yBeJIMYeHNe YaACTOTHI MyJIbCa TO CpaBHeHHIO C MCXO/MDIMH J\AHHbIMH, 
HaGOLAeMbIMH B COCTOAHHM MOKOA., OMHOBpeMeCHHO YBeJIMYMBAACh BWICKTPH- 
yeCcKad AKTHBHOCTh B PaOOTAIOULMX MbIMMNaxX WH HaOMOMaOCh USMCHEHHe G- 
pHTMa B dV/IeKTPOSHLedasorpamme. Tlocue mpekpamenua MbILMedHOn padorTpl 
pce H3yuaeMble HAMM (PYHKUMM BOCCTAHaBIMBAIKCh AO UCXOMHEIX WJM MOUTH 
NO UCXOJHbIX NOKasaTeven. “ 

Tlocne 3—6 um Goviee coueTaHMii KOMMVIeKCHOTO pasipaxkKHTe/A C MbILMeHHOK 
Harpy3KOl MepBoe H3O/IMpOBaHHoe MIPHMeHeHHe YCMOBHOFO PasAPaKUTeMA BbI- 


26,67 
A 6 B 


A 


ma/Mun M//MUH #6 

900 00 14 
12 

400 400 10 
Abe 

800, 300 6 idee 
4 

200 ; 7 Z 7 200 } | 


Puc, 1. Usmenenua ras00o6mena (A), Guo- Puc. 2. Usmenenna rasoo6mena (A), 6voameKT- 
gleKTpHyecKoli aKTuBnoctn mosra (5) mM  pwHuecKoit akTHBHocru mosra (6) M MbILIIIL (B) 
mpm, (B) npu padote (1) u mpH neppom mpH padote (1) A MpuA BrOopoM NpHMeHeHHH 
TIPUMeHCHHH yCOBHOrO pasparxKnTesA (2) ycnosnoro pasypaxutena (2) y uccuenyemoit 
y ucenenyemoit H. mocue 3 couetannit yc- H. nocne 8 coueTanni ycoBnoro pasipaKuTena 
NOBHOTO pasipaxkuTenat Cc OesycnoBHbiM. Cc OesycoBHbiM. O6o3sHaueHHa Te 2%Ke, YTO Ha 


J —x noxoe, JJ — Bo BpemA padoTbl WI puc. 1 
BO BpeMA JelHCTBHA yCIOBHOrO pa3siparxKu- 
TOMA 


BbIBAIO Y OOJIbINMHCTBA WCCJIEYeMbIX. IMI, YCNOBHOpedeKTOpHoOe NOBbIMeHHe 
ra3g006MeHa M OJHOBpeMeHHOe yrHeTeHHe a-pHTMAa B d/eKTPosHuedanorpamme, 
He BbISbIBAA TPH STOM YBeJIMYCHHA ONOIIEKTPHYeECKOM AKTHBHOCTU CO CTOPOHbI 
mpl. “Uactota iysibea mpu STOM Yy OOJIbIIMHCTBAa UCCIeELyeMbIx JIM, MOUTH 
He H3MeHANaCb (CM. puc. 1, Ha KOTOPOM MpHBeeHLI AaAHHbIe JIA OAHOH U3 UC- 
CJI@LYeMbIX). 

YcNOBHOpedVeKTOPHbIe HSMCHEHUA SICKTPHYeCKAX MOTeCHUMAJIOB WeHCTBUA 
MBI, Obl OOHapyrxkKeHnbl mosyqHee — mocie 8—22 coueTaHul ycmoBHOrO pa3- 
JIpaxKuTesst C OesycOBHLIM (cM. puc. 2). CrenyeT OTMeTUTb, YTO C TOABMeEHHeEM 
UX HB Mpowecce jLaibHehiero HX 3aKPeMJIeEHHA PeakIMA MOLaBIeHHA O-puTMA 
B 3JICKTPOIHUepasorpaMMe Tip WeHCTBUM YCJIOBHLIX pasipaxKuTeseh HauMHaeT 
MOCTeNeHHO HC4esaTb. CTaHOBUTCHA MeHbINe HU BeEIHYHHA ycCOBHOpedeKTOpHOrO 
H3MeHeHHA TrasooOmena. 

tak, mpopejenupie ucce_oBanuaA MoKa3sasu, 4TO ycnoBHOpedieKTOpHoe 
NOBbILLeHHe raso0OMeHa, HaGsMIOLAeMOe B CAMOM HavaJIbHOM Mepwvose BbIPasoTKH 
YCIOBHbIX PePJeCKCOB B CBA3H C BBITOJIHeEHHEM MbILIeUHOM pa6oTbl, COMmpOBO*K- 
WaeTCH M3MCHEHHAMH B IICKTPOIHUecasorpaMMe, BbIPpaKarouluMucaA (B yCsO- 
BUAX NPOBeCHMA HalIMX HaGmoeHHu) y pAa UCCNeLyeMbIX JIM B yrHeTeHuH 


a-putma, Ilo Mepe 3akpenuieHuA OOMeHHBIX YCIOBHbIX PecpeKCOB BbIABJAIOTCH 
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M yCOBHOpedeKTOpHbIe H3MeHeEHHA TOKOB JelicrBua mB. B JHTepatype 
MMeIOTCA YKa3aHUA, YTO JaKe B Ipomecce OCyMeCTBJICHHA JBUraTeIbHOrO aK’ra 
‘CHavaa HaOO,aloTcA U3MeHeHHA OMOTOKOB MOSra, 3aTeM MIPOABIAIOTCH 9yIeK- 
TPHYCCKNEe ABJICHUA B MbIMaxX HM, HaKOHeL, CaMa [BHraTebHad peaks (°). 
M. 1. Bunorpajos c corp. (*), usyaaa npezynpezurenpuylo peakiqHio Ha MbI- 
mewHylo Harpysky, OOHapyxus, 4TO pexkse BCero NpoABIAIOTCA H3MCHeHUA 
B 9JICKTPMYeCKUX NOKAsaTeIAX J[EATeMIbHOCTH KOPbI FOJIOBHOrTO Mosra. 

TlonyuenHble HaMu faHHble NoKasaM, YTO mpu cbopMupoBanun ABUraTedb- 
HOrO yCNOBHOpedieKTOpHOrO akTa BHauase OOpasyloTcA ycloBHoperpeKTop- 
HbI€ H3MCHCHHA MHTHMHBIX Mpoleccos OOMeHHOrO XapakTepa, a 3aTeM MposB- 
JAIOTCA M3MeCHeCHUA MW CO CTOPOHbI OMOSEKTPHYeCKOM AKTHBHOCTH CKejeTHOIi 
“MyckyJlatypbl. Mupimu cnopamu, mp o6pasopanuu ycloBHbIx perbieKcon, 
B MlepByl0 OYepefb HaCTyMalOT U3MeHEHHA B TpotuyecKol PyHKUMM WeHTpadb- 
-HBIX aliapaToB, 3aTeM STO NoOsyuaeT Bhipawkenne UH B CremnuyecKOl peakiHH 
MbILUeYHOrO almapata. 

Bce cka3aHHoe ABJIAeTCA (akKTHYeCKUM JOKa3aTeIbCTBOM MpICIHM K. M. Bat- 
‘KOBa, KOTOpbI eme B 1954 r. nucam, YTO «HeEpBHbIit Mpomecc Kak 3ama BCero 
‘peiekTopHoro akTa oGecneunBaeTcCaA U3MeHeHHAMM TpoUuKH CaMoli NeHTpPavtb- 
‘HOM HepBHOM CHCTeMbI u pecbieKTOpHo OGecneunBaeT paboTy UCnOWHUTebHOrO 
“OpraHa TakxKe Ha OCHOBe M3MeHeHHA, Tipexkye Bcero ero Tpoduku» ("). Mp: uMeem 
‘OCHOBaHHe BbICKa3aTb MpesNoowKeHHe, TO ycnOBHOperbeKTOpoe NoBbIUeHHe 
Tas0oOMeHa, HaGlOsaemoe B CBA3H C MbIWICYHOM JeATeMbHOCTHIO, CBA38aHO 
C YCHJI€CHHeEM OKUCJIUTeEIbHLIX Tpoweccow B Mosry. OHako ycloBHopedieKTop- 
Hoe yBesMueHHe OOMeHA BEILLeECTB, BOSMOXKHO, CBASAHO He TOMbKO C H3MeHeHHeM 
OOMeCHHEIX MpoleccoB B MOSry, HO H C reHepaiH30BaHHON peakiuell OOMeHa BO 
MHOrux JIpyruX TKaHAX M OpraHax. 

_ C ynpouenvem ycoBHbix pedekcos Bos6yxKeHHe KOHIeCHTpupyerca B HH- © 
‘HepBallMOHHBIX almapaTax padorTaloulux MbILU, YTO MH COMpoBoxaeTCA yBeJIN- 
‘YWeHHeM JJIEKTpH4eCKON AKTMBHOCTH B MOKOsUelicA MycKyJaType. Ho npn ynpo- 
YeHHH YCJIOBHLIX pedbiekcoB OTMeuaeTCA H MCUe3HOBeHHe PeakIlMH yrneTenuA 
G@-PpHTMa M HeEKOTOPOe CHMKeHNE BEMYMHLI YCNOBHOpedJeKTOPpHOrO H3MeHeHHA 
Ta300o6mMeHa. MoxHo yMaTb, 4YTO 9HepreTHueCcKHe 3aTPAaTbI KOPbl TOJIOBHOrO 
MO3ra B 3TOM Cily4ae Kak Obl IpHOMMxKAIOTCA K CBOeEMY MepBOHAUaIbHOMY ypo- 
‘BHIO, a MOBbIWeHHe OOmero OOMeHA BeLICTB MpOHCXOJMT Temepb 3a CueT CKe- 
‘JeTHOH MYyCKyJIaTypHl. 

| Bee u3mox%KeHHble BbIle Coo6paxkeHusA MpHOMMKAIOT HAC K MOHMMAHHIO Me- 
‘XaHM3MOB yCJIOBHOrO pediekca, B OCOOeCHHOCTH TAKMX CJIOAKHbIX ero *opM, 
KaKOBbIMH ABJIAIOTCAH YyCJIOBHbIe pedieKcbl, peryJupyiouue OOMeH BelllecTB. 


Wucrutyt dusvonornu um. WM. I. apnosa Tocrynuio 
Axagemuu HaykK CCCP. 20 I 1961 
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